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irrE rROBLKM of adaptation as LLLUSTRATED by 

'r™ FOR SEALS OF TPIE I’RIBiLOF ISIjVNDS, 

Ur GEORGE H PARKER 

(Hfitd W/*nY i-A /prj.) 

Tilt tilof lilt Alii&ltaLTi fur Art so hoiifiuiE ds 
to make tliese animals unitjue among marnmals. Ehiring much of 
tltc year, these seals arc strictly laslagic roaming over the eastern 
expanse of the noithcm Padfic as fat southwarJ as the latitude Of 
southern Califomta, As summer approaches, |iractical]_v the whole 
herd consisting uf several hiittdreds of ihmisuTids of indiddiuds re- 
jKiirs to the two small tsbnda of St. fkorge and St. in Bering 
Sea for the breeding season, U is the relative [iroportions of the 
various constitticnls of tlie herd ^luring tliis brceiliiig period that 
affords tnatertaj for interesting »|wcubiirkn. 

The movements of the fur seals in their arrival and departure 
from the Pribilof Islands take pbcc with nmeli regularity, l^arly 
in May and June Ute iimurc males or bulls, having made ihcir way 
tJirough the jKLscs of ilie Atetuions, reach the breeding beaches or 
rookcriei on the istunds of ,St (Jeorge £md St. PauJ. Here they 
take ^heir positions, fighting nil intruders while limy await the com¬ 
ing of the females or cows, 'rite cows arrive on the islands chiefly 
during June and July, llicy iissocfate rhctnsolves trith particular 
hulls and the httll with his group of cows constitutes the family imiL 
or harem. In 1^14 the average liarem was not for from one bull 

rxoc. 4KSI. TOIL. BOC., LIV, 316 A. tVfXTIU U'NM Ig, 19 ^ 5 , 
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to slxiy cows, and the range extended ftoin liareiiiB contatuiiig one 
cow to sonif Uiat cojitaincd over a hundred. Because of the tnany 
years of conmicrdal killing, chiefly directed agaitist the nmles, it is 
impossible to state what the :3i£e af the nonnat average harem sbouhl 
be, blit probably not far from One bull to ibirty or forty eows. 

Williin a short time after the arrival of the cow, in the liarem, 
i. within a few* days or a week or so, she gives birth to a single 
young or pup. So far as is kTiown, cows do not produce more than 
one pup at a time- Sliortly after the birlli of ber pup, the cow goes 
into heat, pairs wilh the bull, and hecomes pregnant again. As 
these are annnat txjciiiTcnctrs, the period of gestation in the fitr seal 
must bt a few- dayii less lluin a year. The pups are born males and 
feniales in alioin ctpial iiwmt>crs. The Counts of former yeara. as 
well *13 those of 19Mf show a slight predominance of mates, the 
excess being from a htile over two per cent, to alioiii seven f>er cent, 
of the total hittbs. 

The breeding season closes toward the end of July or enrly in 
August and this close is inarbetl by xhe disintcgnition of I he harems. 
During August most of the Itulls begin their migratiima liack to the 
racihe, and the pups, which liereiofore have mnained on the 
Iwaches, begin to take to the sea. They and the cows stay aboul 
the islands till jCovetulwr, ivhcn they too start on their migration to 
the open ocean. The only iinfwrtatii cDnstituciit of the hcrtl that 
has not yei lieen mentioned is the class known as the bachelors, L t., 
the young mules that have not yet attained to breeding. The bache¬ 
lors move wilh the cows, arriving for the most pan in June and 
July, ami dcpartitig in November, though some are found on the 
islands in December or even later. 'Hic bachelors do not mingle on 
the Ikeaches with the rest of the herd, but gnUier to one side of the 
breeding growicU proper in the so-called bachelofi hauling grounds, 
where Ihey lend an idle rollicking existence suggested by their name. 

The maximum age of the fur seal is believed lo be .about twelve 
to fourteen years for liolli males anil females, fti the ntlgration, 
I he malef return to the islands opiiroxitnatcly in the sequence of 
ilieir ages: the old hulls arrive first in May and June fallowed by 
the younger bulls mid bachelors and l.-vitly by the yearling males, 
wIucU arrive in the latter jiait of July ami in August. ITte year- 
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Hng milks mi .irrivaf associate with the pups and cows rather than 
with ihc mher bachelors^ TFic bachelors may begin breeding at 
five years of a§e or even iotir, but they do not norttially tuiJrttalic 
this function until they arc six or seven years old, when they desert 
the bachelors^ hauling ground? for thi- brccsiitig rookeries. The 
period of ilicir uomtiil bneefUng life 1^over^ ilierefore* a term of 
perhaps some seven years or more, 

ll is not iinpoEsible that the yearling feiimles do not reium lo 
tiie jsbtids or, if iticy do^ it h probable thai diey do so only in ^malL 
tiumlicrft and hw in the *rhe twO'yearHild ^eflflale 5 return 

to the islands in July and August as virgin fenmlL-s^ jiair with the 
yoiujgcr bulls, and reappear a year later, the end of their third year, 
with tTieif first pup. From that time on they enter nito the regular 
breeding of the herd and comirmc in all pimhahTlity to produce cue 
pup annually^ Their Isreedttig life. Lherefore,. extends over some 
ten or more yitars. 

These tn brief art the main facts ctmeeming the breetliitg habits 
of the ^Ala^kan fur seaL an animat ibnr exbihlts one of the most re- 
markable examples of concmlratcd and localised breeding known. 
When U iflr reciillcd tlml lliese seals range over ihotisaitfU of miles 
in the northern Pacific and that all sexually active mernbcfs of the 
species witTiout excc|)tion cnngrtgale itt ihe appropriate season on 
ilie ttvo amall hlands of St. Cieorge and St. Paul for breeding, the 
very exceptional nature of their reproductive activities must Iw 
evident. 

Tlic proportion of the two sexes at birth i& very nearly equal, 
yet when the breeding age has I seen reaeheiJ, the natural relational 
are not fsir from one male to thirty nr forty females. there is 
no reason to suppose I hat the death rale \s higher in males than in 
females and as the Irtigtb of the breeding life of the two sexes is 
iml very different* alxnil seven years for the bulls and aliont ten for 
the COW’S, it follows from the sexual proi^Kirticms already mentionedi. 
Ilial W'C ^houbl expect an excess of bulls to be pre.sciil. As a matter 
of fact, indt ts the case, for even tn 1914, after the excessive com- 
niercial kilting of males in the past, t!sc SpO-calletl idle bulls- were 
much in evideiice. It thus appears ifiat the Alaskan fnr seal pro- 
duces at birth approximately tjtiual jiumber^ of males and females 
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and yet in its ftrecdiiig nctii-ities tlwda only rdaiivcly fevv males, a 
ctHKlition which when viewed as a whole seems to be a tnisaiJjust- 
men i ntliiT Ilian a dose athpuumn to the acttial awds of the species. 
The ineastire of this niisaHjiistmciii would be the proportion of idle 
Imits naltirally prcseirt, Uiifortumlcly, (he coirmierml activiu'es 
of ilie past in esploiting Lite lierd for its fur prevent the possibility 
of aevuratti statement on this point, hut the [neseiicc of idle bulls 
ill the herd today is en(Hi]:;h iti show tlmt this class under natural 
conditions would Lc ahundamly represented. 

The fur seal, however, is not the tmly one of the higher animals 
to show this miiuidjustnieni in the ratio of nudes to fi-nLiles. A. 
prosaic example of tlie fame kind is seen in the l«im-yard fowl. 
Here the sexes hatch in nearly eijual iiunifjer;, there licing perhaps 
a slight predotninanre of Femnlcs, hut in maturity tlte cock holds 
sway over a flock of hens. This condition is almost exactly parallel 
with tliat of the fur sed except that it occurs under domestication, 
Xevertheicss il lias probably Iweti inlleHtrcl from the wild stock, for 
Film states that llmugh the red jungle fowd will live quite happily 
with a single hi'n. this is not uuivcrsal and harems arc often foiiiitL 
Tfie I'ttU of the American elk nr wapiti, as my friend Dr. J, C 
Tlullips IclU me, also fomu. during the breeding season, a harcra 0( 
cows from wlhdi he will drive away oilier bulls of lits gun kind, 
much ns the iiit scal^ do. Dr, Phillifis f mi her inforiru itif tliat 
ihwc are antotig ihe higlu-r vertdirates many other iiisiajicc of that 
particular form of polyyamy in which one male during the breeding 
season naturally assocEaies with many females. Such examples arc 
found among some of the larger antdojicii, wild sheep, and wild 
goats, and among certiiiii hirrla sudi as the black grouse, capercaillie, 
and wild turkey. Although in ihese several species, the propor¬ 
tions of sexes at birth, so far as 1 am aware, are nni dehtritely 
known, they protwldy follow the rule of approximate i.‘*iuality so 
ermimon among many nf the other higher animals anil thus in rcilitv 
illitstrate much ihe amie eamliiion as tliat seen in the Alask.iu fur 
seal. 

Among tlic Inwer animals, panicubrly the insects, exceptional 
Tatio,-! in ihe sexes have bug been known, (he classic ex.imple of 
llic honey hcc being the most cominoidy tptutcif. ticre a few 
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male*, the ilronesT oiT again si one perfect fcniiilep the 

and a host of imperfect cities, the worker*. The*e case* differ from 
tht^sc in liter [lightr atuniab, Imw evcTp ht tliniv the ratios appro¬ 
priate for I he hreeUing colony are deurnuined froni the liegiiinii:^, 
L e., the young: arc not producciJ males and female? in et|ual fum> 
hers. Such ca^es as Uic honey bee axiJ other lik« inseirts exhibit, 
lixerciorct iu ihetr ^ck ratios tiiuch more accttniie adjustments to 
iheir breeding reiiuiTeiticiit* tiiaa ilo the higlier ^miiUQls j lu f^ct the}" 
may he said to show a vety high order of iitlrocolonbl sex adap- 
tatiuu. 

Throughout ihe atismal kingdom as a v^bdtt T^exual reprcKhictimt 
seems to he best ndjustod Vii'here the sexes are rq>rcsentcd in ap¬ 
proximately numbers anti this rdation is probably determined 
hy (he pnxiuction of equa] iiuinhoira of male-dctemutitig and female- 
delcrTTtiniiig sexual elements- Tlie sii^rm celts of most specie* of 
animalg^ perhaps of all, are apparendy the prime faclors in this de- 
Icrminatimi, and the ilimorphlsnt of these cells in die $ei3se that one 
class is made up of tnaJcHictcnniJters anrl the other of femnlc-ik- 
tmuitiCTS ns well as the production or the*e two classes in equal 
nuxubcfs may be looked iij>rj3i as ihc chief mlaptaocm of the ajiimnl 
ktugclotn so far as sex ratiui ate conreruKl. Buf llie reproihicttve 
activities of a limited numticr of auimaJs, such as ihc honey bee and 
the fur seal, have developed tu directions in winch equal iiuntbcrs 
of the two scxChS fteirc no longer a* Au atlvantageou.? ci>m)iinrLtioii, 
To meet these new conditions, fiulhet adajnalton woulil he ucede<l 
and. from wltat 1i;is been said, Ihis adaplntion woiihl inyolve rv;ul- 
in tlse jHjwcr* of thff $tx^ktentsiiiing reproductive cells. 
Such rejidjustmentb. seem to kive Iktcu carried out in the itisoci* a5 
seen m the honey hec, etc., where rhrnngh the development of imt- 
uml partheiiogenesj* the u*uid sex raJto 3 ia?^ l*tcii entirety set aside 
pirtd a new one favoralilc to the neiv rcf|nirmuents l>ceti cslab- 
trsheil. Ill is has not licen accomplished! hy ttic fur s^^eaU and other 
higher an muds wliicli in this respect reman] [KM>rly aflnptcd to their 
neu rtJatioh*. From this statulpotut, tlieii, such lower animals as l he 
inseeti show a liiglier nnier of ailn|viatiOEi than either ihe matniind^ 
nr ihc birds. An oxpbnation of this paradox may he found in 
ihe fact ttiat ihe rate at w^bich geiicratiott folloAVS gcricratipn in in- 
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sects is enormous compowd with that m the higher amiinaU and 
further that geologically speaking the insects arc much older than 
the mammals or birds, Hence they have had a much greater 
portnnity to adapt themselves to their condiiiotts than baa ralleit to 
the lot of the higher animals, H the maladjustments of the ^ex 
ratios as exhibited by the iur seals and other higher animals are to 
be interpreted iu the way indicated, it is clear that the cvolntionary 
processes by which adaptation b brought about must often be slow 
and imperfect with the result that adaptation itself is better de¬ 
scribed, in the words of Bateson, as a poor At than in the extravagant 
terms of eulogy with which many of the older writcts clothed it. 

H^avjuui UKtnutTY, 

April iA ipiA 


THE LARGE FRUITED AMERICAN OAKS. 

By WILUAH TRELEASE, Sen. LL.D. 

Psjitri I-IIL 
iRrad April fOii-) 

When Alphonse cle Candolle motiograplied the oaks of the 
worM sGincthing wtt a generation ago,* he tliaJiTigiii^hed whb a 
varietal name a form of onr cotrimon white Oiik with small aeorti’S 
some 8 X t 4 mm.* which Engelmann had salt him—the usual fruit 
of Quercits olba meafuritig about MX iS mnt. Those who have 
examined nmnetuus sj^eeimcns of nur camnian rctl Q- 
and its double, Q. Schtf^ckii^ tiave noted that the>' occur in torms 
varying in diameter of the acorn from about lo to about 20 mm. 
The assemblage of forms clustering: about the Califomiait Q- chry~ 
sc^lfpis. Lilt oldesl of our existing types of oak. geologically, also 
show A com|iarab1c or even grcaier difference In the rise of the fruit 
of what arc otheivvise held to be mere varianis of a single species; 
and the polymoTphic dumifsa prc&enis a sknilar i! less extended 
range of fniit siEe/ 

Tile most ^urjirisitig of our s^scdcs in this respcict is the bur oak^ 
which joiriA to its great range in sbte a difference iti fruit which is 
even niorc ^tattling; for while the usual dianieter oi the acorns of 
this spedes is somewhere about 25 nini.« and of the cup five or ten 
milliiucters more, the acorns fr<!qucnl1y measure 40 mm. in diameter 
with a cup fully 50 mm. across on tlur one liatid, while on the other 
hand they may scarcely reach a diameter of 10 mm, Pcrliaps tin 
oak presents so great a range of cup characters as this species doe^* 
While the round or ovoid i^ly-friogeil form covcriiig ihe acorn 
nearly or ijnite to it!f top is lakcn as the most typical and Itaa given 
to the tree its common name of niossy or overenp oaki it Is not uii- 

1 Qmmk^ n/f'a miVfc^ar^u dc CattdoUt,. Prwlronia^ l&* ^ 

*On th™ conttuh Sargent. Sikai vol fi. 
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coiuiTidn to find a broad saucer-shap^ assumed with xhc fringe of 
^enilct Kalp^ either iEeinlnrgly atirient. because clnstly indexed In-^idc 
ihc atom, or extended in its devclopuient <jvct a coniiderable part dt 
the ontiide of tfie cup; and it is even pos^ajlct as Professor Pieters 
has recently shpAvn itic by material colledcd about Ann ArhotK for 
die cup of t]ie snialler type of fruit to be shallow and thin as En 
the poi-t oak, and either flclicately dlialc at top or entirely without 
iv (rinj^ even on a aingte tree. 

Even the L'li^est acoms produced by dnse Or our other familiar 
oaks seem small when cnmiiarcd with thiMe of some tmfiical species 
of or of the related p:eniis Pasunui. On our owji conti- 

nnii, where the true oaks extend from the far north inlo the high 
Andes 01 Colombia, these large-fmited ^pecirs nrc of Ixith the red— 
and wlutc-oik groups^- — the former in Guatemala and Chiapas^ and 
the latter in the la^t-named slate of Mexico and along the Jlank^ 
of the eastern Sierre Madre range almvc Vem Craz, In contrast 
wdtli these* which toay reach a diameter of 50 or even 60 tnnL, the 
isniallest ^conis, also Giiatenialmi and ^lextcaii, anti of ;he group 
of red oaks, scarcely ttieasure 5 mm. in diameter/ 

Some two years ago. while looking over a series of type photo- 
graphs that 1 had made in the course of a systcniaiic revision of 
the oak& of tropical America* Mr. Walter .Swingle, of The National 
DcpartJi-Mmt of Agriculture, exprcFised considwabk interest in some 
of the rast-Mexican large-f mi led wliiic oak* as affording a ho|je- 
fill field for exi>crImcntation hoih in dired pro|Ktfiiticm and hybrid- 
kalion, with reference to our Own tropicd ami subtropical 
ami Mr. Davtd FairchiUl* of the same government dcpartnieni, con- 
siilercd the matter of sufficient interest to irmlertake im[Hirtiition5 
through llie iiuercss; 01 Rr. C A, Purpus, whose coHiXtioii^^ in llic 
soutlicrtt republic have dutie much of rccctit years ui ttiake its 
vegetahle wealth known. The frtirpose of the prevail ootruuunica-' 

■■ Qurrfur n. mirr^fa^fit Lij^tinvann. 0%-crt. Danjjfe. 

ViLkjiaL SehV. ["orhaniil- ifl| 4 = ^^ 4 —T-tehmiuin-Ocrfted. Anirr. 

jO, pi &. — Q. t\\u'ro£ifrpa t, 3 pe>'^roD^G, lltst Abr, PI, 58^. iSlj. 

Eqiudlx siniilE aje the ractrmifil acomi of an yet iinpiihTiihFd Rtotip of wm- 
aml *Miih-Mr*tE:iti iipcdt^ of tbt: ml uiki; acid the eam-Mexinn white oalt. 
nn equally sioall'fruiled v^^ly. 
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tion h tb give a caioiectrd accmint af brgc-=fnilted ^pecio. 

because of ihis pofHiliir inlcrtrst timt ihcj jtbssesE, 

The fir&i of ihe large-iniucd trojiical American species to be 
tuailc known Quer^uji Skimirn^ collected by Hanweg at ynei^altc- 
nango* Guatemab, whids Benthatn nirted and iJInstrated in 1841 
and described ihe following year. Skinner's oak is a large tree 
wirit Intig-fiedolesi ovate* acute^ raiher Idiinidiaiwd aristaicly toothed 
glabrous Icnves about 5X9 i pfodudng solitary or paired short- 
stalked fruit rcsetnblitig that of our common red oak but on a much 
larger scale, ilit slitillow clip 50 ijim. in diaimjier and the short- 
ovoid acont of about thai length. It is a red oak ivkh the iiam! 
characters of apiciiJ aliortive ovules and tomedtose interior of the 
shell, but the fatter is thicker than UFiial and wdth tlic sq^ta intruded 
into the kcrad so as to make ihc hutcr somewhat threc-blied. Of 
recall years Q. Skiimm has Ijeei^ collectcf! only by Cook and Grigg>^ 
at the Finca SepTiLuite, 1 hmteniaki. A similar* if not tlie riamr* red 
oak. lint with larger duller winter buds anti lance-cilipiical leaves as 
much as so cm. bng, was collcctcil a1 Cltmaiub, in the Mexican 
State of Oaxaca, by Liehmaim in the fall of 1842. hut of it nothing 
else is known: with fuuriru hnff\XTa, ilie specif seems to range 
extcTi&ivcl>‘ through the Conldlcra. 

Goscly relatnl to Shimier's oak is a species recently colkclod by 
i>r. Purirtti in the Mexican state of Chlapast tlie stinilnr ricom$ of 
w^hirh may reach a rliametcr of over 35 mm., their Very shallow cups, 
with thickened scales* sqiuetiniei mcasurtng 45 ninu acro^^i. Ihis, 
which differs markedly from Qu<t£us Shintirri in having aentely 
bnceolatc very short-atalkcil leaves ;d>out 5X 12 cm., may be csilled 
0 * rhiapasfusisJ Like the other here undet consideration. It 
appears to become a tree of very Lutgc size* 

Tile year following thr full description 01 Qucrcus SkimiCtif the 
Belgian ^lartcni and Galeotti described under the name 

^Qumnf Skinnm B^nth^nip Gird Cbron fAi%t t 6 . f.; PI. nartwegf- Oo- 
iS4^ —lliKikrr. Icohci Plain. 5. pL ii??~Liebinaon-Ocnted. t. fi- Ji 

Qaerrtu ctimpati^vtjis up. Arbor prantlii: Follif breviiictirtlaiis^ amnii* 
arilitatctHicTniiiifii fnictii ciipub glub™, cruAiii: 

Hlanfje ^emisfcdfi^na^ mm. ilbmeirij. Q. Skiftneri ifFinis. 
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TRELE-\SE-^\KGE FRUITED AMERICAN OAKS. 


Q. insif^nU^ wfmi mtisi be regarded as most notable m its gmius. be- 
of tfie diornious beight of tlie trees oini ibc prxKltiction of 
ictini* occaswnally ftiiiy 6o imii. ia diameter amt ihii* out of coii^ 
paTison with those of any blajck oaks and even with those of sticJi 
Asiatic [Atsoimi as P. funii^n. Qinran which occurs 

along the upjjer ftaiiks of Mount Oriiaba in esalem Mesdeo, ts a 
whitcrOctk* vciih the interior of the acorn shell not t^tjolly, and with 
deeply lateral ovules. Its shori-peiiolcd elliptical-oblanccoiate 
more or less acimikiate leaves are stt-arpljr low-serrate bin without 
brisilc-tike tips to the tccthp atid measure s X to ern- or mort The 
fruit, wliich matures ihc tlrst season. seems to be true of aJl 
while b typically biscuit-£ha[>cd and about one-fourth diorter 
than thick, and the rather shallow cup, which uiay reach So mm. Ln 
diameter, h eovered with coarse heavy loosely ascending scales. 

Marlene and Galeout do not appear lo have seen more than one 
form ill Utt; oaks of thia kinds the type collection of Galcotti 
as represented in the museum at Budapest contains acorns of 
two sorts, one depressed, and ilie other acmnmatdy ctniical and 
aliout as hmg a^ thick. At nliout the same time that Gateohi'^^ coT 
kcTions were made, the Danish botanist Llchinaun collected in the 
same general region luaterials of on oak similar to Q. itLtl(fwh but 
differing in bearing a^diconicaL aeonis about as long a» hro-ad and 
with more lurbimte cupfL This was published by its discoverer 
in 1854 un<lcr Lhe name Q. Subsecjuently when a 

scries of cxiiuisilc drawings of Jblexican oaks prepared under Lieb- 
imnn^s rlirccifon were puhb&hcd by Oersted, the latter add«l a 
plate of ^ verj^ simibr form, which he called 0. iiijfpiirj 
carffmdfs,^ It is lianl lo $ee how the latter can he ilislingmshcd 
from ilrombocQTfrc^^ and the Galeotti collection shows itial, dif^ 
ferent as the fniii extremes arc, the discoverer of Q* tnsiffnis did 
not separate froin its tj-piod form the conical-fruited form to which 
ajiparanly both of the later names refer, 

* Qu^uiu tAtt^ffh Marlrtti imd Galeotth RiilL AcauL Bnut, r 

— Dcblhanfl"C)crjt«k /. c. JJ). 

TOwwnr ttrombiiturpa Licbiunmi, Overt. Dandc Vidmsk. Sdde. For- 
buTdl. tB54 1 ^— Utlimjinn-Oeriwd, I. A w- jy,—Cknlcd. Hid mg Kundtk 
E^fumllien. f. E. 

■ (J, fnji^iLU sinftnb^^pmdit lJclrmflim-Ocrs.tcd, i r. 
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TttELEASE-LARGE PRCfITED AMERICAN OAKS 11 

Wbhifig mnitrials that fihoulcl ihrcjw lighi on tliis ijutstion, t 
itimecl in iyl5 to my amiabk corr^poiulent, Dn Pitrpus. v% 1 io 
th<3i tn eastern ircxwxi; bul Ixifort my letter readied him, Dr^ 
Purims had j^oncr into sciiilIicTn Mexico^ The rc^tilt of my appeal, 
tlwrefore* tvas not further jpcdniena of Querens instgnk, but coV 
lections of an cfjually Urge ami aJnwisl equally Urge- f mi Leri white 
oak which appears to be characteristic of the Cbiajia^s r<jgiQH» ilb 
somewtuLt similar but more Jcqily toothed Icavts atjout 7 X20 ctOi, 
equally short-iM^tiolcd^ this cofiibinra a stoutly stalked turbinate 
cup as much as 60 nmv in diameter»the stales of wdiich arc Ijarely 
U at all free at tip with thdr Ixises connate Tn jones; aurl ilie 
ovoid jjoitiictl acoTTi measures 4^5^X ^ hough closdy 

related to Q* urngnisA this specitss is so distinct in its c:oUl^ct^ve char¬ 
acters as lo stand as the type oi a sciKtrablc group of while ouks, 
and it has been called Q- cyrftplinfitiicrdc^ Lccamic ot its s'cry peculiar 
cu|)-rnarkiugs. 

EXrUANATTQN OF PLATES 
(All ligtirci Jire yf mUural iitfc) 

Plats I. 

Qutraa ffincrerarAa. Atwre. ihrct iconii fmoi a voy 
Aticlusan tree {i*4€ttrs)^ partly wiili aail partly witlicriit fringe to she 
Clip, i.tid a linglt fnnt of the Ut^eat ans! nsoswest ** lypc Iri’nii illntoia 
(Aiiams}. Bel&w* fKit of the more lypcal ajcorai of dilfermi. cuMeplh^ and 
a flip nhowing: a net Kifrtqiient inmllLtig of the Inner icatr*, «iho fpom 
Dhnoii 

E*tATE n. 

Above, two cups and three acortii «f tlic kree^fruilH Mrxiciin 
red filk Qnfrtnf {PurtuM), Below* bs^ial 4i»i sJde inew oi 

two icornt of the UrBofrutied Chincne oak (*fwf 

lo^tapht by raircliild}^ 

Plat^ ill, 

.^Iwvt twa fmltt tht MmIcihi Htib while «ak Qutfevt eytti- 

IvSanotdei (Oiiiip*#, Pirfm*). Behiw, n fruit al the ffre&t-iwmrd Mcximi) 
white oak, flwm'MJ iujiVni/ i SluaiujHM. Pxrpxti. 

The Uk«»mtv of Ituwoia, 
yiLrdi tQij- 

*{?Mrrriri f^rldhflfuortUffJ «!< *[»• hreviprtiolatii, 

acutii. ol.laiwefllaHii. iramromuo ilcrijiiia: fructo maKiu: c'll’tl* t^hinati, 
luieo-iomaiitME. Dlurijiiiiiulaii ; s1ftn<ic elliiMoiileE, mh S<, JwPt«ro- 

Ourrtvt In^igncE yalde affitum fed *«ilo diitinrtj. CjrcJoWinoid^. ™tiibtu- 
eu»,-0. i»ih^U Jonnol of Hereilitr, 5 Jfi7^ t- J' TAtnmt ana 

Gallrxntl, L 


THE SWEDES. GOWJINOR PRI.\*TZ AND THE 
BEGIXN'ING OF PENNSYLVANIA. 

Hv THOMAS WILUXG BALCM. 


{Re:tfl Hawch s, ifHS.y 


Of tfit orifimivl ihirtecn States, those soiitlt of the Mi(|tllc States 
as well M those Jv-nmsn uarler the collective natne of New England, 
were settled by men and women ot English race. New York, New 
Jersc 3 ' and TX'lawarc wwe first seiilcil by Hollatuters. The whole 
area of the Dutch settkiuents was known as New Kcthcriand. and 
the chief city of the HoHanderii in the avw worlil was callctl .\tn- 
stcnlam in New NetlicrliiTiil, though historians afterwards thought 
fit to change the name into .Vrw Atnsitn'dain,* rfoubtless because 
the Englitth had renamed tlic town Npkt York, Tlie scttJetncnu in 
the viJley of the Hudson and in whal ist now New fta^sed 

by wnijutst into the hands of the English. The 13 utch settlement 
in Delaware was destroyed after $ix moiillis by the tndians. Sub- 
set|uent}y. the Swertes took over the mchontc tillc of the Dutch to 
pfesent-tky Delaware. 'Phe Swetles later Inst Delaware to the 
Dutch by ttanfjuesl. vrho in their tunj iccrc aftcrwartls cmiquered 
by the English. 

No Ejmqwan Power, however, <tccii]iieHl ami uwlc pos^esaion of 
wh.at Unlay cnnstilltles the Conrnionw'caltli of PcniisylvuriJiL, until 
Licutenaiit'C'olonet John f’rintz. who was the fourth Governor of 
New Sweden, moved up frmn Delaware to Grtnt Tttiieuni Island 
anti there cstnhlbhed. in idij, his seat of gtivemmcnr. the first 
capital placed in the territory of the present State of Pennsylvania. 
Be thereby became the firirt governor of the tvrritriry now known 
as Pennsylvania. 

Tlwil Sweden was the first European nation to poMcsj itself of 
what is present-day Pennsylvania was supported by die Iiilcremioftat 


anrM Uibti^rrt?Hil Soctctjfi fm ihis inforniaiir^n.^ 


I"'* 

I u 


w \ BiVtari-fiEGiMKiscG ar Pennsylvania. 

Law cjf ih^ ^evciiiccmli ceritury. TowarEb ihc enfl <if tlic ilsttcentii 
c™tuf^' tlurrc grtw' up ii£ a rule of iTiXematicTTiiil law that^ in order 
lliat a tiienibcr of the fnmilv of naiion^ coultl claim as hs Own a 
mswly ili&cDvc-r^ aiul virgin land, it was fieccssary for tliat natimi 
iff scmalty occupy and possiess that virgin bnd. Tht act of merefir 
discovering :iitd cllriatctiitig such an tiiioccupietl land did not give 
tlic right of iKifsession- The ad <jf ^wsseEsioii mmi be an actual 
occupnry through the cstahli^hmcni of fort5 and in 

lhat land, ynecn Elizabeth ciumciatcd this priitcrple clearly m 
ijBo in a notaUlc answer site itiadn ai her court to ihe Spanlsli 
Kissaitor, ilcmdojta.^ k was tlius mognisEe/l by Bigland through 
the tips n( her sovereign, a sovT:rdgn Avho well knew how to niam- 
raih the iligfuty and inlcrests of her realm abroad. That nili: hc^ 
came more and more recogniEecI hoih by the piihlicist^ ;ii Uidr 
writings and by the naiiotis in their acts, and lias remained a rule of 
intcrtiatitmal law until the pn^sent dav^ 

"Hie sovereignty of Sweden over the IpiuI now known as Petiii- 
sylvnnui fiassicd later by ccmnnesi to the States General of ihe United 
Netlierlands, and subseqtiCDlly again fey comiucst lo die British 
crown* liy whom it was afterwards granted to \Miliam Penii- 

ITie fact that the sovereignty of X^ertnsyKitnia, alone of the orig¬ 
inal ihirteciit goes buck to Sweden for Its Ijeginning aitd that tVinl^ 
was the first In the line nf iti governors, is known to only a very few. 
It would seem well then, that proper mcmimtents to Print! anrl hi? 
Swe^lish settkiiiciit j,hoii1d he erected, so that future generations 
niay knnw of the beginning of thin province ant! stale. And no 
place would scon more appropriate ihati the ancient Imll oi ihis 
vcntndtlc society of learning, the oldest existing society of learning 
not only wilhin ihc boiimb of PeiUisylvajda hul also in all of liic 
new world aa w-dl, to suggest that, first a bronjse labkt should he 
erected in memory of Governor Print! miJ his cBpital called Xya 
Goicborg on Great Tiuicuui Island i and second, a bronze statue of 
(iovernor Prinli^ either of life or heroii: size* sboutd he placed at 
some conspicuous place in the city of Philadelphia. 

-Camricfi'i Amtali,"' isPfli %cc mufltoian In Sir Travsn TwUi'i 
OrtijuM Oueittfin.** 


CEKERj^L RESULTS OF THE WORK IK ATiKJSPHERTC 
ELECTRICITY MiOARD THE CARXEGIE, 

Bv L A BAUm 
^ 4 , msi 

Xoublc pTogresSi it h believed p iiis been arhieveil by the de- 
partment ot lerrestfiil magnetic o^f the Carnegie Institution ox 
Washirtgton tiuring Ibc past year in the perieettnti «f the imtrit- 
mentat appliances f^ir in atuio^^pheric electricity, in 

various articles by Drs. Swann and t lewlcii^ which have appeared 
in the /dwrriu/ of Tertestriol Magneiisti^ md Atmosphfrk Biec- 
trirtVy. 5-191x1+ new |it)iiits of eliecjry went brought oul, serinu* 
errors in certain instmmenl^ were made known* and improved 
methods am] instruments were dcvfscdL As a result considerable 
imprnvtnieni has been made tn ihe work in atnioyiihcric electricity 
aboard tbe especially on tier present cruise. 

it h now dt^med wortJi while to cxpajtd the work gf tlie <iq^an- 
ment in almusphcric electricity m iwo directions 1 {li} CutitlnuDUf 
obser^atiortis, by sclLrecording mcarLSj at ilic dcpartmcTit's blmra- 
lory in WaHihington and at such observatories tlsewljerc as die 
fiarttneni may be abk to estab1i.sh in the near fiiLurtL (i) A grn^ 
era I electric survey of iht glol?c^ implyiTig observations at i> 6 inih 
distributed over the eanh's surface, somewhal ag in a magnetic 
surx-ey. 

Prciliobly the hit PrnfE$$or Rowland was one of the fir^u in hi^ 
address before the Congress of Elecirkians+ held a* Pansx Septem- 
Iicr, i88i, to fKJint out the need iti atiuosplieric electricity a 
seriei^ of general and aentrate ci^jicrimeiiis iiertoniied simulKaneondy 
nn a portion of the carth^s surface as extcndei:l as possible.”* He 
says that *^thc principal aim of scientific inicstigation is to be aide 
lo unikmancl more cojnpktely the laws of luititre, and wt generally 
succeed ill doing this by bringing together obscr\align and litcory,'' 
» Fhyiicid Patiert of llrttry A- RwwUluS, BaStItmrti, |i 313 cx uq, 
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BAUER—ATMOSFBEItTC ELECTHtCm^ ^ If) 

On PrxjlV-5i>r Kowlan^I's molion the Congress rcsolvtd thai an 
inicmaticmal cnnunbaioii chafifcil wiiJi detenu] ning tlie precise 
mirihods 01 observation for otmospheric electrtdty, in order to j^cn- 
craiizc 111 is study on Oic surface of the 

Unfortiitraiely. in the p.vl. the oWnniiotii in atmospbcric dec- 
iricity iiave often been found to be (^ounterfeii* of stature tac^siusc 
of tlie errors uiberent in the iiistnuucnt^ and methods used. Ac* 
cord i ugly the mucii-dcsireit discovery o^f oat liters last's by li ringing 
togcUicr observation anti theory** has? iioi l>cen effected in tbc: 
jncasiire dtstreti- Xoiic oi the proposals for a general ekctrlc 
vcy of tile earth ivhieli have been made repeatedly to teamed acad¬ 
emies:, one of the last having been presented to the Iiitemaiional 
Asiiociation of Aeadcmies, has been pm iutn effect, dmibikss be¬ 
cause of the discouraging experience^ encouniercil. 

In spite of the vast work already done by notable investigatory, 
we still have no geitetahy accepted theory of the origin of aimos- 
pheric electric Lty, 

Probably one of the most important of recent contribittiona to 
the oh^vatioiial daia is the series of observations obtained on die 
(13*.t cniises of the C<iiUff and the CornrptV. A report giving the 
results up to ihe end of 191211 obtained by the departTnenl ob*crs'ers 
and others, tvas preparenl by Hr, Hewlelt and pnbltfihcd in the Sep^ 
teniberp 1914, issue of T^^rriCj/Wof ond ^'UfUflJp'/fCfir 

Etfetficity. The observations comprised* in addition to the usuat 
metcorologicdl measurerueiits^ those of the jiolcntial gradicTU,, at- 
mospheHc conductivity and radioactive content of the aimosiiherc. 
Perhaps the most im|)or1anl result was a confintiaiion of the soiiie- 
ivhat striking phcnomcrtoTi, that white die coinliicUvity over the 
ocean is, on the average, at kasT as great as over land, the radio* 
active eotiicni is innrb smaller. The vulucs of tJte potential gra* 
dient obtained at sea vvere of the camcorder of imgnUtide as those 
oil land. 

Dr, Sivfliin ha.* ju^t com|ilvtcd a report on the atmospheric- 
electric obi?ervatTfnis taken during the Mttrd cruir^c of the Cornegiv 
wliilc umlcr the coimiiand of Mr. J. T. Ault^ in 1914* gertml 
eoturse of the Corjuff^ie during this crtiise wa^t as follow-si T.,eainrtg 
Brooklyn on June S. 1914, die arrived at Hammerfest an July 3. 


^G BAUKR— ATMOSPIIERIC ELECTKICtry, I Aprils, 

riailifif a^in from Itajnaaerfcst on July 2 ^ *fie tniereii live li4ri»r 
uf Reykjavtk. redaijd. on Attgiw 24, Iwviiig Tcached the iaiitudc of 
79^ 53^ North, off the nOTlhuwa-t coast of Spitibcrigcn, Leaving 
Reykjavik on Scptcnilier 15. Uie Canirj^jV arrived ai Greettport. 
Ixng Islaad, on Civ'tobcr 12, rctumine to Hnxtklyn on tJcioher 2t, 
«9I4. 

The observations in 1914, (aanipTised, m adilitinit to the magnetic 
aiul meterological flaia. measureincnts of the (KiTefllbl-gradjem, The 
cdniliictivittes for the positive anJ negatue ions, and the radioaciivi: 
conieni. \feasurerhems of tiie ionk numbers w‘creal*o inailc during 
the paiiage from Grceiiiion, through Long [sland Sound to Npv 
Y ork. The H'hfde of the obsen’atious. n-tih the exception of a few 
measurements in Long Islaiul Sound by Df. Swattn, were taken hy 
(Jbpcn-er TI. F. Johnston, 

rhv average vaJiiei of the intential-gradient, armoapheric «m- 
diictivity, and radioactive conicnt tor llie whole cruise were, rt- 
spcoltvdy, 93 volts per meter. 2.52X10 * E, S. IL, and 33, (he last 
ntimhcr king espres+cd in Elsier rntd Gcitel wnlu. The avcTBRe 
value flf the ganh-air current for ilic whole cruise waj 7.7 X lo"^ 
E. S. U. per sq, cm. 

Tlie ainiospheriv'clectric clemeiits were mcasuretl liaily between 
the hours of 9 A, M. and U nooiL The obsefrations as far as lltey 
go indicate a general increase of the potejiiial.gradicnt from tttm- 
nier to winter, which ts 111 accord with land ohservatiuns for the 
tlaity mean values. The conductivity ,also shows a general increase 
from the beginning of the enu!* (June S. 1914) to about (he end of 
Scj)tetnl«r, when a tcaximiiiu tjcciirs, after which th* couduciivitv 
falls. 

No marked variutTcm of the atniespheric-cicctric clcuieRt* with 
temperature or humidity was fountl. However, an indication is 
shown of a variation of the condiiciivity with tathude; 1 maxirtmm 
for ihc latitudo involved occurring in the neighljurhood of 50* 
Noiih. These conchiHiojis with regard to the variatioti of the ele¬ 
ments with season, latitude, etc., must be tooked upon es tentative 
owing uv the small nunikr of data involved. 

The conductivity spi^ars to have an especbllj low value in (he 
iieigliliorhood of I he American coasL In Long Island Sound. 




BAUEE-AT3i[OSPHERIC ELECTRICUV. 
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measoTrmcnls Were made rtl th^- imtii: tiiimbers *t. ant! and tlic 
results indicate that Lhe !mv valuer df the conductivity feferred lo 
above are 10 \k ]ianJy to a low value of tlie ipecibc 

velocities of the ions (t"* and t*. K The nicun values of anti 
fot observations on three days in Long Island Sound are re^iiec- 
tively 0-77 and o.S,i cm./sec jicr volt per cm. The average value of 
N* and 11. for cjbservadosis taken m iJircc days in Ijong bland Sound 
are 34 £J and ions per c.c respectively* 

By making use of the value (33) gtt'cn above for the radicH 
active content, and of the empirical relation obtained hy Ktirz, for 
the re<luttton or the E!$ter and Gekel unit to ab.'^lpTe vaUie, it 
turns nut that the average i^dioactive cotitcnl for tl\c whole Cruise 
amoimt^ to about curies Ot radium eamniation [ler cubic nicier as 
against 80 curies per cubic meter which b about the average value 
found over land. Tlie emanation content h thus too small to ac¬ 
count for the cundudivity otiscrx'cd over the which conLluctiv- 
it)' is as great or greater than that measured over land. 

A criiicisrn of the ordinary’ method ot drawing conclusions as ^o 
the nature of the radioactive products in the atmctsphcrc, by corn- 
par tug the decay curve with one obtained by a tv ire e??i»sed in a 
closed vessel j is giveti in Dr. Swann*s report. The activity curves 
are aualvEed in die report madiemalicntiy, use being made of the 
dseory of radioactive dijitiiegTHiifiti, and it ts fontid that ivhile 
some of the vurvcii can !>e explained by radium cmanadon alone, 
others rttpure the presence of a product of Tanger decay pericul ih^u 
radium A. B or C The iw^ihihty of this extra product being a 
prochtet of diorium emanation, as is generally assumed to 1 m: die 
case on laud- is discussed by Dr. Ssvaun. 

An Rticnipt 10 calculate the actual amnunt of radium cmartatioii 
in the art directly fran the theory of I he liJster and Geiiel methcKl, 
without assuming any empirical relation results m a much smalleT 
value for the radium-emanation content than that given by the 
empirical relation unless it h asstimed thaj the uvemge apccitk 
vetocitie? 01 the active carrier are miich smaller than is generally 
supposed 
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THE RIGHTS AKD ntTlES OF NELTTRALIZED 
TERRITORY. 


Bv OiAELEMACiNE TQW'ES. 

(Rriul 7Vf5-) 

Althoitgh {he growing iniiiortincc of the Uni!e<l States and ihcir 
extended influence as a worlii power have made the siibjfxt fine of 
prime interest to Ihetn in many respects liefcloforc, there has prob¬ 
ably never a time when the jirinrifile of neutrality has had for 
us in America the same weigluy consideration that it has under the 
existitig circumstanccii in tile world today^ 

Never, prob^{bU■^ liave the riglits atui diiliev of tieuttaH been so 
carelollj" scnjtini7.ert by American public oplnjoiip or so sensitHdy 
tested by the rcspoiuibk a^uthorities of onr Govcmtiicnt. Amt very 
justly so, because^ with almost the whole of Europe inflamed before 
m in this great wnr, there scarcely a day in which 5ome serioui 
question docs not present itself in the inaiiiten^nec of our public 
policy I Mime delicate sittiation ivhkli affect* onr rialional horiori— 
iKJth in our chameter of tietiiTals and our rtlmtions wiih the bel¬ 
ligerent powers, and in their dealings with m in return* 

It may be of interest^ therefore, to oousider one nr two of the 
underlying principles of the rights and duties of neutral nations; 
not the Tq?s &o* perhaps, because of the fact lhai neutrality, in its 
prcscni rtcnguired form, is die mo^t rccenl and most moJlcnt of the 
efTectiec rnles ot iiuematkjml bw* 

Indeed, The nationf of antiquity had not only tici CDiiception of 
what we call neutrailh\ hut they bail mn even a name by whicb to 
convey cair meaning of the lemn. The Kuiriaufi atliiiltMl to ihif*e not 
engaged in the war as nicifiV, amiVi nr and their <teaUngi 

with them were regubted. as far as we can iiiilgc, by the fi.?eliTig 
lhal they were peaceful and Wentlly; at all events that ihcy were 
lien ofjcnly to lie regarded the eiienty* And this appears to have 
ticen the view of dieir po*nbn throiighoin the Middle Ages, It 
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only in the sevctitecnth eenturi' i\m die term new rra/if,—mean- 
iiij; to the mmtls of the people of tbai day, wiiH htt^tis ,— 
bronchi mlo general u^e by Ihc puUicist^, and that since thcii die 
coiidition of ibe neutral ha^ been e^i^ihlhltcil. ^mewbat attifidally» 
as is ^on^idered by some writers,* imdcr the procRs of which the 
term twnlml lias been extendeiJ to the flag of a uaticwi ivhich 
chooses (o lake no part in ilie war* lo its ships* ils commerce nncl Its 
citizen!?. 

Frol II this poini of view it iia=i been declared that iieutrahty is 
'^the cotitjniiaticm of £i. previous!v exLsiuig state.^' Thai is to s4y^ 
Poiver^ ivhich go to vrar anil ti^uine lieUigemits alter tbcir coitdi- 
tiOn,^ivhilfit ibnsc which ctioose to lie neutral remain as they were 
liefore. Con^apiently, in tlidr case, tlidr international tights arc 
uncHatigerl; and “iicoTral slates and their citizens are free ib in 
time of war iK^tween other states whai they w'ure free to do in lime 
of pcacrc.”^ 

Bm, iinilct the mlc? of internatiDnal 1aw„ the state of nttiirahiy 
cames with it certain rights ami oblLgatititis which do not ecsi^t 
when tliere no war* It has been scitlcd iliai nctitral governments 
may regulate the fnrnUhingof cettgin mi ides to lielligerem criiifer^ 
that hospiialiiy in their ports* though they sire bound lo pre^ 
iibit the supply of certain other articles, as, for inatance, attns and 
attiiiiittLitian. They have the right to enforce the respect for the 
neutrality of their waters, thongb they must not allow their rcTritotTi' 
to l>e used for fitthtg out or 4 :€|iii[iping armed e^:peilifton«s ngainst 
any belligercfir. So abo, ihc ccpnimcrce of iicutml iiiilividujiU 
subject ill certain restrictions, as, in the matter of contrahAiid of 
war, which Jo nni exist In Lbic of peace. 

Bill the iheon- of the Inw that tht^? arc ntcrety the changes 
in cenain details product!I by commtin consent of the natkmN,-^by 
the condhioii of ivar: though tVic principle remains pcmiauently 
fixed, *hai the riglits of a neutral continue, uninterrupted. In time 
nf war precisely tis in time of i>cace.—lii> rights of trade and com¬ 
merce. His rights of free intcrrottrsc with either belligerent, or wdth 
an i one cUe; ond iliat every restrictian upon (hesc activiLie= that 

* HoifsniC. F^Hnii^hii^ Artiest'. Jtih\ 18S3. 

* Lawraicp, In [emotional Law,” par, 243. 
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afe lawful in. a state of geitcral peace inu?l lie lis^erl upon a clear 
anii iimiuestioited rule of international law; the tmrJcu of proof 
Irfiiig ujKm liim who seeks to enfonse the restraioi. 

Ai n general stateniem, the obligations of all neutral states are 
the same, so also are iheir ciglvts. as non-U*lligerenls anti non- 
partki|>unts in the wart they (Ieci<Ie hy tbeir own motion to OKiipy 
a neutral {Kisiiion, asifle from anrt lietween the belligerents, with all 
of whom they voluntarily remain ac peace. This is called " perfect 
neutrality*'' and is nore^iteJ^by all the powers. Rtit there are two 
classes of uentrah into which the whole liody of neiittnl nations is 
divided, whose rclatinns to the war arc difTcrertt in this respect: 
that, one set of tliem abslatu by their ow'u free w'ill frotii entering 
the w-ar; whilst the others arc restrained fniin taking pari in the 
hostilities anti arc obligerl to ronain nut of it by the conditfoiis of 
their existence. This difference lictwten tbeia marks the difference 
bctivccn hMitrality and ueurraliaatbii; between neutral a»ij neutral¬ 
ised territory. .And it is to this latter that 1 beg leave for 3 ttiometti 
to direct attention 

A nentrnlized state, then, is one whicli is and must remain 
neutral ittnler all dmuiutauces. Its iiidependeirt cxifitence rests 
Ujnm that couftitiun. It is a state which has been constituted by 
common consent of the great [wwers, which has received front the 
powers t}ie right to sulKi^t. provided that it take no part whatever 
ill any omtlict that may arise Iwtwcen its ndgbhors and sliall liavc 
no right of its own ro rake up arms except to rc|«l attack or to 
defend its territory. Thus a neutraliud suie is. in fan, allowed to 
exist iKcause the 0|>emltve forces of sclf-interesi of its neigiibora 
find suHident bene fit accruing to ihcmselves.—as, for instance, that 
it forms aii tiitcrveiimg space between thcm.^dves and their own 
powerful ncigitihirs whoa* proximity threatens their peace,—to in¬ 
duce then to agree to its existence. There are neutralired states, 
under internal tonal law. and neulmliiied individuals; and (his char¬ 
acter may he extcntleil also to seas and waterways, to bq if dings, 
ambulances ami slii|r>. 

A distingiiislicd authority (Professor IToITandl defiiiM the proc¬ 
ess of neutralization as "the bestowing hy convcntioil of a ncutTa! 
characier upon states, iwrsutis ami things which might otherwise 
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bcjir $i bciligercnt cliaraHClifr." lltit, great a diange in thdr 
legal po^inon camioi be mucle without the consent of all the parlie^^ 
affect mi by iL It must muile 35 (iie result pi intemational 
incuts ill Lir^kr to itn vaJiit, ^tul miut Ite acccincti by alt the im- 
pnrtDiit 

XeiTtnilizrd states, llsercfore, arc those which, whilst remaiiimg 
politically iiulqHnndciit, have yidsled tip a ^laft of their sovereignty 
as the price of their existence, and ate riepcndctii upon the lowers 
u> protect thcttip—thungfi they do not belong id the cosiuclls of tlie 
great powers* nor have they the right to discuss queslkiii.^ of policy 
which may uliimately lead to the employment of force, except in 
deience of ihdr own frontiers. 

The two conspicuous examples of tiik kind ore Swilierland and 
Helginm. The cases arc similar; e*ich formis wiih it^ inttn'cnuig terri¬ 
tory a barrier heiwecn the thrcjiicnetl conflicts of (mwerfu! ncightiors. 
Switzerland, lying as it does, between Germany, Italy and France, 
h m ^huatcfJ that if the pa^^age ihrongh ith territory were open* 
the Austrians might proceed freely from the valley of the linmbe 
to tile Rhone and the Po, and menace the wtsicm iMiundary of 
Fmncc ihroiigfioiit its entire Icngtli; ami. imtecd* that is what 
ha^ipened tluring the French Revohilion, when The neutraUty of 
Svvitrerland was disregarded and her territory invaded by ail the 
contending parties^ wduKt the French* AiistrlanH and Russtam used 
her soi! for ihdr hostilities against each other. Again, iti TS 13 , the 
Austrian army pas-sed tlirough SwUierland and crossed the Rhine 
at iliree places, itt its campaign agaimiT i'^rance, 

A short lime later* the perpetual nemraliiy of Swdtzeirbnil wa?^ 
recognized bv ilie Congress oi Vienna, in iSts: but, upun the re- 
Him of Napokoii frcim EIN, the AHir^ called upon ihe Swiss Coti- 
fc*1crat5ott to join in the general Cf>aliiion agaiFisl h>ance, in order 
to assist ihem in pronioimg the coTiimon welfare nf Eiiropt and 
prevent the rceslabliihmejit of the rcvolutionar)' anthoray in 
Fraiure They declareil I hat they knew the imsMWtauce uttached 
by Switzerland m the maintenance of the principle of her aurliurity, 
and that Uiey did nol Intend to violate tliat principle; ]mi with the 
vk%v of aeceleratitig the lime wdicn it might be made i^enTsanefit 

^ Liiirrcncie, ubi Aiupr»f i^atraor. :i4l- 


29 


TOW^R-RIGHTS AS'D DUTIES 




and Ad%'ant2gcou$, th^y cflllcd it[>c>Ti tlit Swijii$ to an ntiitudc 

and to lflk« such measuro^ as miglu b« in proportiuii to the extra- 
ordinaiy circtitnitanccft of l(ic momsiil, tvilliont forming a rule in 
lliia resp«jci for the future. That is w wty, the allied forces claimed 
the right to pass thtougli Swit/erjaiid, recojpiiyipg licr neutrality but 
agreeing that if it were violated by them they thoiild not regard 
their act as a rule in the ftitiirt in Irwtli* her neiitralit) was vio¬ 
lated tiurbig llie war by the contending panies tin lioth 

Qut, after the reestablishment of the general peace in IZurope^ a 
declaration was finally made, at Paris, in r!jt5, which fixed the po¬ 
litical status of the Sw'iss Confederatiofi, and upon tiuit foundation 
it has testctl ever since. Ry ihai tlecUraiion, lioth Prance on the 
otic side and the allies on the other, flrvat Britain, Austria, Prussia 
and Russia, formally recognised the perpetutd neutrality of Switzer¬ 
land and giiaramecd the integrily and invjolahility of iter tcrrilorj-. 
They declared also that «hc neutrality of Switicriand, and her in- 
dcpcnilcncc of all foreign iiiHucnce, were conforntable to the imc 
inierests of the policy of all EiiKjjse, 

The situation of RcTgiuju renders it in lltii nrsptet similar gco- 
graphically to that of Swiizerbtnl; for it is the barrier which lies 
interposed bclw^een Flolland and Genuany on the onp side and 
France on the other, and by means of its tciriiory the hotmtlaty 
lints of these grot |-jwera arc iwjiOTated from each oilier in such 
a manner as to rtmovc the menace of irritation which is always 
present in Europe where the common froiiticr is marked hy a single 
line. With this tjarricr nKuntained. alw, boih France and Germany 
arc protected from inimciltale auack at neveral of the most vulner¬ 
able (joints in the lerritoty of each; as has been mailc evident by 
the conflicts that have lahcn place betwctji the rival fxiwers on the 
continent for hundreds of years, which have nude Flanders and 
litc low countries the battleground of Europe. 

The territory of ihe present kingdom of Relgium was incor- 
fiorated with that of Holland, in tSis. by the Congress of \'tCTina, 
in order to form die kingdom of the Jeethcrlands, ami for the dla- 
linci purpose of [ilnring a bairitr Ix'Uvcen the territories of Gor- 
tnany and France. Rut, quarrels of a domestic characler having 
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brokm ml in the bw countBdgimn ^^[lar^tcJ itself from the 
kingdoin of the Kcihcirlantls* jn (831. iJit cmtcomc pf which wa» 
that a tmty was made, on itu! lyth of April, establishing: 

peace between Belgiimi, ^i$ an iiulrjienflmt kingdom, ajiJ HniUnd; 
ami. oi\ the sojiie daie. in TS39. iocthcr treaty was entered itiio by 
Gniat Brilain. Austria, France, Prus&ia and Rn&sia with the king of 
the N etherhiiidst rceogniiing^ tliat ihc uitiou lictwetn Ilollaud and 
Belgium, hi v’irine of the Treaty of iSt^i dt^solv'cch and that Bcl- 
gitmn which is lo be composed oi conaiti provinces jpecifiisLly de- 
Unutei] and set forth, shall become an mde(>endcnfc smie;* 

This, tl^en, IJI the origin and constiiulion of the kiiigilom oi Beh 
giuni as we know it toda)\ The powers agreed that, wilhin certain 
Iioiindary Ihn^, it should be aJJowed io exist as a separate khigdoni. 
They went further lluni that, niid agreed abo, by Anicle \T1, of 
that Treaty, ihai: 

We have in tHs a well-definGl example of neuLralis^ed lerritory, as 
we are conflidcring it loday . Belgium w-as granted all the privileges 
of in[It!|>eiidence» with the tight to make her own lAivS* rcgnlate her 
bwTi domestb affairs and adminiMcr tier own govcmmcTil: &lwa>;i 
provided, however, th+nt she sliunld maintainr in her foreign rela* 
tions, the sftrictest ntiilniliiy toward all other statc^P And this, it 
is believed, she has Eaitlifully performed. 

Blit, [t will be observed that, whilst Belgium is thus bound to 
the great jiowcrs as to hef tientmhty, there no ogreemcni for 
specific j>crforinantc iifjon their iiart in this resjwct. Iieyoml their 
ratificaliDO of the cem vent ion itself and iheif general undertaking 
to carry' oitl sdJ of its provisions, in which the powers themselves 
had not entire confidence. li was evidently not regarded by theui 
as a sufficient safegtianl in the event of wjir. for when Gcrtttany 
and France declared vvar ujxin each other, in 1870, there was such 
grave danger ihat I Kith the inilcpcii[lcjnce and tJic neutrality of 8d- 
ginni w'onid lie disr-i^jirderl in ihe course of the conflict, that it w^as 
coiisidorcd necessary' to assure her safety by special agreeinetit hav¬ 
ing regard to the drcurnitanccs of lhat time. 

•Jlrrtiljet **Tlie Map of EurciH^ by Treaty “ tl., p, y4^ 

-liriubiTV within Use limits specified, dmll fomi an inrIriKiiidwit insl per- 
petiiiiUy neutral utatv. It ptiall he 10 ohwrve -intli iwiurahly towarih 

all other Alalex** 
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Tljcrcforc, Great Brilatil eniered into a sqximtc treaty with 
Prussia, iu August. litTO. by which it was a^cett llial :' 

" If ilttriqg the hottililin tlir ermirs «F Fraate should violate tlie aeu* 
tratitjT of Bril'hill). G«al SntaUi waulil be L^rctLifiit ii> KtHiperittr with Pruista 
(or tlic defence oi the some in lueiii manner u may he nutHuilIr agieed utmtt, 
anplo}‘iii« fur that pnrpoK her natal jjjU niilitary forec* ta tniure its ob. 
ten-anoe, mml twmaintnin, in conjunctitni wfth Pnirnta, the independeRcc and 
neucrality u( BelaiLm.*' 

Ami Great Britain eutcretl iiilo a separate treaty with FTantx, at 
titc same time, making provision in the «ine terms, for the coopera¬ 
tion with her for the defence ot Belgium in case that Belgian ter- 
ritory should he invatled by ilie armies of Prussia. Tliese separate 
treaties were made bin ding Lo each case ujion the parties during the 
conlintiance of the War of ttjyo, and for twelve roomhs after the 
ralthcaiion of the treat]i‘ of peace. Thus Belgitttn was proteriteil 
against invasion or disturbaticc during the Franco-Prussian W’arj 
though since that time both her indejiendence anil her neutrality 
ilepend uiwn the old agreement helween the fis'c powers, made in 

>839- 

But, as an old French writer has well iaifl: “With such iicigh- 
hors there is always a chance for trouhk-" The unforttnuitc situa¬ 
tion of Bdigiuni leaves her always open 10 danger when her |>ower’- 
fnl neiglibots bt^in to fight over iier head. She has her defence 
in the old agreement of the jiowera, tt is (me. But will that tie a 
suHieiciit Ilcfence when either or all oi the [hjivcis. engaged in a 
desperate conRirt amongst themselves, find dial tJicir own sclf-tnlcr- 
est, then of prime importance lo each of them, placM the conuidem- 
lion of Re^ium in the background ? Evidently not; and in this re- 
sjxjct all iHt ixiwers appciir to be aUke. 

Tot Str E4hvard Grey in hh ifTeal lipcccK ift Purlin- 

ment^ on the of Atigiust^ ^9*4- whiUt scLvucating th-e in tut fill ity 
of Belgium in (he present war, pointed to the itfterrjtj of Great 
BHiain as the determining factor in the observance of the guarantee 
entered into by the powers, in He f]uoted to the Hoiiie the 

sjKcch which Mr. (jladsionc had utade in Parliarnetit, u[K)n the 
same subject, in t8;o, whtij he said, in regard to Belgian ncu- 
irality: 

^Hcrt?1i:t, Mii^ lif Eurtipci^” IJI,, p. ffCSCi. 

*^Thi‘ TimiTs, Au(fui| 4, W4. 
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* There k. t an nbliij^ibn ni ihe irtTity. It k fiiiil occe*ESf y, 

iitnr pcfinrt me ics enter hitfr ihe c»Tmi]ilE«nnJ cif the KUtnre 

,>f the oMiRatitm muhr tlmi iTfuly. Jlsit I am wot sitbscnlH: id iht: 

ihtetrtne of t\uw who Iiavc m [hh lloti^c wlml 6>lainJy amounts to ib< 
^vrfik^ iliiil thr wniple fad of the of a iftiarijjtce h ^ 

every |iai1y to-tJay irrcspctttvely altogether oI Ujc particutaf: t^Hlhju \n whieh 
PI may Jteil aP the lifn c "whcit I he ticeasKio ior nehm; on the tj^tantatee 

arifeiL ITie^rtat a’lnhupitiei uimn fofeijtmw^hcy uj wliom 1 have been aecu-V 
Pcirrucil itj hiteitr it LdM Ahtrrilern anrJ Lord Pabnefrtort^ iicrtT lo my 
lciic.wletJ[if€ trtfik thjit riiid. btiJ if I may '^^ciiture lo «iy w. that impracticihle 

of the ituiiniiiiee- Tire c'lrdamatMiite ihst llicrt k atreaily an e^iiUhii^ 
UEuiranite in Iori:e U, of necessity, ui PTFitwirunl Iftd4 anti a weighty el^mt 
bi itic v3tsc lu ■rtliidi w e a ex Umtiil Ui (jive fiUl an»l ctJiisiiJer^tion. 

Sii* EJwurJ Grey ciiltletl ti> 1.1 si^ his own stufement, \h^i : 

*‘Tlic treaty il an oUl treaty—!t it out of th^st treatra which are 
founded noc ouly on coEaiidcration ior Betniurn which iKJiefil* undtr the 
treaty, Imt iti the inlcrot^ ot tbo;%t wlio gtiarantec the jiGiiirnlhy of BcIgiisuL 

Utiforliiuatelv this is fme:- Tliat irtfjity iS tvidciiitly nn nbligalior) 
of C<ftivciiiiiti£<. tierniaoj'* ujKJU her si-Ud, took the satuc view. 
The German OtaricelloT in his speech he fore the Ciermnii Farlia- 
rnetit nllikleil in this conncctmii to ** the wrong wliicb \vc were doing 
in ttmTching throngh Uelgimii.” Tlic Cermaii goveninsem deebred 
that ** it had in view no act of hostility against Bc!gituti+ It 
peeled llir Belgians to niaimain an attiliide of friendly tieiitrahty 
touard Germany t’— in rein to for whidi it ttndenookj at the cotidii- 
STon of |>cace, u> gwanniiee the trnlcpimdcnec of ihii Belgian king- 
<iom lit ful!, The Chancellor hoj^ed that the Belgian auihoriiits 
would ykld to the Inevitable and " rciirc to Antwerp iirnkf iiTOlesi." 

1 fio not intend to pursue iUi^ inquiry in the direction in which 
. it has given rise to the controversy on both skies, aiid |>ossibly the 
world Dver, as to whether the Allies were retwiy lo iKcss through 
Bdginni if the Germans hud not done so. %\e are cmtcinied 
merely w'tih the lawv Of course^ if Ffdgiuni liad taken the slightest 
step towaril uniting her forces with either of ihc Mligereut^ aa 
:igiiin 5 t ihc otticr^t she would liavc fcirfcitcd He^t rtUltudc of neti* 
irality rind l>ec^ime herwJf a bdligcrent, subject lo he Ircuicil as an 
cmeni* And this would Ik: ihe end of her indetKrttiknt existence; 
for tliat is based upon die ncuLratity which the convenience of the 
great |Mjwers ha a ^Ictcrmined u}>on a.^ the coiidThon precedent of 
her inttional life. 
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But, as^umbtg that she commiUcd do breach oj ncittralkv,— 
what rights has Belgium or Switzerland or any other iicutrahtct! 
territory? It has the right to Ueftfriil itself, as Belgium !tas done. 
She IS not oblige*! to defend Itersclf, Imi may choose whether she 
wUf do so or not. For, if site yield to superior force, that can not 
be looked upon an an nn-ueultal act; tfiougli it nwy pJace her dur¬ 
ing the war upon the siile of one of the Itelligetenis, as is the case 
of Belgium today in con^uence of her defence. Still, lielgium 
had undouhtcdly the right to defend her soil 'nic law is on her 
side in that regard. 

Bill, on the other hand, wh.it protection has she? Evidently 
nothing but the agreement under which she lives.—anti that depends 
either u[ion the " interests^ of the powers wlut made the agreement, 
as Sir lulwArd Grey said, or m>on the cotivcnienci: of respecting it. 
as the advanit^e of the Gennan amiy has proved. 

In the heat of a savage cunflicl, the reasons for ihe agreement 
arc destroyed and ilw agreenumt Itidf is Hmi to shreds; for there 
i& tiu one to enforce it, ITie only forte that exists is being ex¬ 
hausted in the war. The neutralized territory has rights that are 
not only recognired but also defined by international bw. It has 
its guarantees as well.—c<iufl11y recognized and defined, though, as 
in the present case, the authority of the law is gone, and how shall 
a method he found by whicb to guarantee the guarantees? 

FBtLMrELPIll;!. 

April, t^lj. 
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By J. DYNTELEY PRTXCE. 

(I7ra^ Afrii /j, rc^fS-) 

The pmtiuunii of a tangitiige relics ot Hs earlic^^ demonEtra- 
tive&. 'rhe first desire of the primiiiTe speaker must Have Keen lo 
iQfiicftte objeds. So soon as noims tmi! evolved ilicm^elvea in Ids 
tndndp die next step vruts the devetopinent of ati ahl^revmteil form 
which could mdkaie substantives widtout repcaiinf the imim itsdfn 
ajid these ahhreviaiiorts or indicators were furtliing more thitn jiro- 
tiutins- It is ffossitkle ihat there existed origiually in primiiivt 
&|^ecch only a single itii]>ersonal dement of tins chameter, which 
at first itscflt snpjiknienieci by gestures, to indicate oljjtjd^ of 
nil tlircc persons. Siibse<juentl>% the j^amc sylbldc may Have been 
tonally JiilereiidaLed Lo Ladiente the 'I* thou, that' and.^iill 
later, additional ^dbbles were culled into pby to aid in differen¬ 
tiating the firsts second and third persons- It is interesting to ob^ 
serve that in the very evidently extremely printitive system of 
Sumerixin pTOnoims, alt the personal ]>articles contain the enimnim 
ilernonstrative elenient e. which apiwars most prominently' m the 
third {^ersottal 

The object of the pt^ent isiiier is to present in a coTirise form 
the re^ahs of grammattca! investigations regarding the Sumerian 
proiimuinal [larhclcs ami also to weigh these thearics and conclu¬ 
sions frotn a philological point of view, especially in connection with 
the 11100rporatinn of the proiijaiiijiial clcniems in the verbal struc¬ 
ture. It is interesiing to note iltat ihc distinction btiwem the 
nearer and farther subject-objecl^ herein noted in comieclion rr- 
s|Kctively with the b aUil n pArtidcs, is a iiio^i naturtil linguistic 
phennmeimn which would have fonowed almost arhitrarily the evo- 
hitirni of the general demon^tnUive idea. 

The tiiAierial used in ihis treatise has been taken prtly from the 
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new voi:abubric$ prubt[$hc!il in Arno Piwbcra " Grammalical Texts^"* 
wiib the niflin conclusiions of which the p^resetil ^vriter is (ormi tu 
disiagree, an the material offered hy Dclit^ich. Laii^dtm and frince 
seems to di^prtwe Poebel's diief ihesit of the Uiihkn vowel of (he 
first jKTson. 

I, 

SEeAltABLE PutlMOUNS, 

Mi-n. ' 1/ aecorcUnj; to Dcliln^h, ^ ,>8==jiiu +deinci«sinilh’c -e. 
Liin^tton, p. (02, tliiiiUs that ool-e wa* ])rMnonnceil tiiB, jLn he rBjpinU 
aa a diphthong, indiciLting an t 'oduiit. This is ixjssildc, espu- 
cTally a$ the writing mf-Q = atuiku, ' 1 .' idso oceurs. The |imtiun- 
ciation was mure likely iiid than iiUt. Tlic form wni-e kvns ittvati- 
ably Hied for the itatu-f rectiu; note that in inch viites as IV'. R. 17, 
• 4 *^ 4 * i 'od-f tj/<[rrunni. 'he has sent me,' 

the wni-e is really a stattts tcclfn itt prolepsis and not an accusative, 
which would tw fcjptlarly represented by the uljJttpte (Hii fiice just 
below). It is interesting to notice that DelHascb gives OK'-r in¬ 
stead of fifJ-e as the tisiial femn, which is again an indicatintt ihat 
riiri-r was not praionnced in two sylbbles, but really hidicatwJ an 
Tjiifdiif. thilitaad) is. therefore, probably right in supiwiiing that' 
the WTiling really indicated (irtginal wrr, the etemtnl of the 

first |:)erifOii,-|^ the indicative r. All authorities are agreed that fl-c 
may represent e or 9 (cf. DclitEscIi, g t8b). 

Tile obIit[Ue form of taii-e bgciicnlly wm. as T^oelict: gen, mo-tr- 
(t); cf, intnjd&oiH. 'it b mine,' Poelwl, p. 43; im-a-ffc-ei gr-H = 
asiumta Ubtuf, ' for my sake may he live.' The Dative is regular: 
ma-a-rti, Mia-ra, ma-a-ar {fyasiiw), in the lotitive, POchd finds 

*The foltowin); abhreviitioii* have Leer medi AJSL: " American Joitr- 
ral of Scmltie Ummnne* ASKT.= Paul ITmtpt, jikkadufkf unit iuuier. 
itfhf KdiU/iiriftUrtf": tir.= E Rnintmw, " ClansiHed Un of Ctmeifom 
IJeojtram^," TiSft?: DcL = rJelttiwIit Friedrieli Deliireith, "Sumrr- 

itchf Umninioa'I " Ldpate, KJ14; EK.= /:jiitr-*a (lialecii — Btne-ittl ilk- 

leet, ITT^^ ASKX. 1 JRAS. XV'IT. Joiimal of the Ro^^al Aiiiaiie Siiciety," 
nuclei! Postjcl. piK tljffi Lani{tlcn=St(rhm Hmry l.arisdon. "Sumerian 
Grammar," Paris, iwi; r>. Prince. " Malmili foe a Sumerian 

UKteon," Lriiirigr, 1908; r.= Pnel«^|; Anm PoclieL " Gramm akiU rcMt.." 
Ptilkdebtitu. 1914: P AO, i40j; t]uol«i, Poe}K!l, pp, CJ-fijj P. 14,-; iiuiite^ 
PrtftieL (Fp, 57 ff; PSRA, = " rmcvcdingi uf the Soeieiy <if Orblical ,\rdha™!- 
Sfs.^Pmil Ituuiit, “ Svtuftitehr BnmdntftrnUr.'' 
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ttWHl, me' toot in WelilxKhJ. Tlie rcEuJnr socusativi: \i also 

wiii-4. 

Pocbcl (p. 4 ^) mu^ntf-cn as the ftUl sc|taratP form of 

ma-t, which cWrIy corit^iins the first j^trsonol elcmctit wi( u) + mr- 
of ihc Verb ' to he" it is I w^ho ajii^ icf . sj*\ ‘ \vc^)* 

Ilie regnbr of the 1 it !4 jjer^n is -fitu, tiot to be conftisetl 
u ttli lIic third ^K^rsoiia! -fHH referred to below. It is *^o\v jiraclscally 
established that the first aBtl secoml persons stiffcreil a clsange of 
vowxl ill the obliijtie ridatioir^ and that the '*11111 in sucIi engtes beertme 
-nm; as r-fwdf^ * in mj temple" i iiru-wijj, ' in niy city ; lufiQt-fJiUt for 
cny kinj?; etc. The diffioihy in establishing jiny definite mlc m this 
ixmiicciion in the fart that bivih ftin and appear indiscrim^ 
inatelv for both rti^li^^ t^chts and oblit|UC (see both LiiiRgilOTi and 
Dditzscb for nuincroiiE cxaniptes)* 'Phe probability h that dtt! 
origliidl u^age uf the carHer language was mu for fiL^cfifJ and nu for 
nbliquCf but, cveni in the cs^rly docnniciits* wc find the conivisinn of 
fomi& so cvitlcnt^ as 10 moke it imposs^ihle to come to a ditfiniie con¬ 
clusion. llic former llieory tltat -nm was the ES. form for EK- 
fiiu is tinilnnbicdly iricorrtsct. On -m '=1 p, suffix, cf. below, j.r* c-ne. 
* he, she, it/ 

Za^erihj^n' aceonimg to Deliizsch. ^ 2^—^ 
r, as in the case of tia>-r,' 1 / Similnrly Latigdoii. p, 102, thinks that 
ca r nrprc^entci) but this, like was probably pro- 

noiinre^l jS- like wid-r, w'us the itivariable form of 

the sicius mttis. In such phrases ns kara <tm^tka=^ii-ir e-mm -zu, 
Mhy word/ 1^ really the separatde pranoun in tKiminative op¬ 
position. Cf. llic remarks atiove cm Note ttiat the 

sccotiii i>crsotia 1 pronoun is also given as in ^wi^^ thou art 
and ticca.^juirally IJr.,^ 33^?' 

The oldkpte of Sii-*' h generally jm; note Poebeh gen. =a^ik), 
zn-a^cik}-^ jsd £i-i?r; dal, Ctf-ru, (KU). J unto thcc' 

and pure locative *oti thee* (Poebel)i a case not in IMitrsch. 
The ohlinne za is ahvays used witli \h^ post[iosilit>n as wdth 

thee, from ihce,* etc. 

T^OuIktI gives also the separable correislionding to mu- 

UEf-vfi, * I ’ however, j.v. f.v. the $ccon<l {verson 

jtinral K 
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*rhc regubr sufnK of the second person is -rn, with itsmIJy ob- 
iiiptc as in tht ease at -me (s« just aljove). But here 
abo is fotind as l>oiti W/if 4 ? curd ohliqiie, aUlmti|rH -m seems to 
have the origii^al oblique tonn, Cf, wtl-e frf-eup ' J am thy 
servant' i-se for L., § 15S); at ihy cmninand ‘ (pmli- 

ably should he etc.). It is not jwssible to predicate a regu¬ 

lar usage fi*T -jru; -nr. 

iT-ite^ ^he, she, it'; according IQ 13 f}=dprtu:sn$tt^tivc 

e + dcmonstralivc nc—nf^ 'this.' T\u^ h dearly the same 
seen in the plural ot nouns and verbs. Laiigdon {p. 107) thinks 
that !•”«<'=a reduphraied m with apocope of the first «; L a sort 
of plural fomn lliis itlei lias Uuk foimcblion* as the rletiioiistra- 
tive r-element is wdl established in other forms ( as. tor ex., 
ca-e^ the king, etc-l Poebcl givtjs no separate fomi! for 

the probahiUty l>ciiig tli.it its4?lf sen ed as Midi. There is no 
distmet oblique form of r-ftr which h rtcclitied like a nuim: gen, 
[KIT) t dat. f-ffc-nj, e-ut-ir:\oc.f-$i£-ii ,' upemlilm^ (roebcl). 
The suffix of the third person has ft twofold aspect: |) 

-(tf)-Mi atid -tn\ ihe former lidug mrer in ocrarrencc than the latter; 
the oblique cif tlii^ form amt £Uid -bi, the former 

being rarer tlian the latter; the oblique form ot this h f DeliUfAch* 
§37)- The same confusion of usage ib &ei*n litre as tlm between 
-mu, -me and -sa, fulty pointed out by l>clixitscb, g 38; Jti-ba.' in 
its place": * inio hss hiind/ regubrly oblique, Lui a~m = uiutia, 

*his father^ (for a-iif) a^iid doiw ia-i^B-fi-nif| Mhc man of bis beatl/ 
in si cud of etc. As Ui ilie nic^mitig of eht -w- and -b- suffixes^ 
1-angdon (p. T05) believed that -tn^ -ua as boih tmuu Buffixee and 
verbal cTcmcnis. origtti;i 11 y denoted imittiaLe beings^ while -bi, In¬ 
dicated inanimnie^. but the logical coniinuiincc of ihi? ihenri" is iii>t 
bortiE out by the fact?. Wc may note that in out ot l_anBdoii*s own 
example* *ht ^ihinibcra.'' bi-. here :ts verkil prefix, 

represents nn {jmwitli> subject (cf.my review, AJ 5 L. XXVIII. p. 73). 
Note aL<o HT.t p. t and ij; sn-mu-utf-t/n-m and 
^his suffering/ in both cases anbiiiite. UclEtx&ch, ^40, also gives 
nianv examplci^. The suflis -ni k iLsed for llie fimt [jer^ii In Br., 
5334: i-dc tmn^-ni^ubh'm frAniye; ud htr-rd-^i-fa^Hitu dm 
cLTri^if, Mmm the days of ni> yoiitli*; (al-a-ni^rQi^d^ku, *} am 
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roket).’ Tlic i>nly fjo«stbk exphnalion is tfmi the tnanilafor ddib- 
etatdy tratisfcrr^ the persons. The iwsslhilitj thnt the -tt- suiJ 
-b- clemcTits were originally uicil tn tienolc tlw remote and nearer 
subject or object rcsjiectively, Iws alreiiUy Iwen pomted oxU. by 
'rhitreaii-Dnngin. ZA. XX.. pp. iy«' /oUy discu^^scl liy 

roclicl tZA. XXI., tn*- Prirtcc, AJSL., pp. .^(14-3^5). 

This theory, although not yet caintble of entirely satisfsictoiy dem- 
imsirelion,'lends itself more readily to credence than (he animate- 
inonimate idea. tti the later langusiftC, which represents a pOTod of 
erantmalical decay, the n iind ft-suffixes apiwar to he used a^iLrartJy. 
It is (trohabk', Iwwever. lluu in the earlier phiises of Sumerian, llwse 
cn<Iiiig> itnifl have had the force of remote and nearer dentonstra- 
live? rc^j-vc^tively* 

Me-ttc. tiir-en-Kf'. * vvc,‘ Poeixrl gives TBP-rii dc. mf-dt. nte^ek- 
de-en. which, however, should l>c read nic-fii-nc, iftf-ai*, wr-cii-rC'Crt. 
ilc uses the (/’Clenieiit, Iwctutsc he fimU the ohliquc form nic-rn-da- 
Hfl. ■ witlimu us* ti>. 4?l and also irtnuJo-ranr-fsufo-nu, ’ without 
via., RUM) unjativc -4- prep, -cfa + first person iilunil wc-tCN -|- 
prep, rfa repeated + -«a. proliahly iWJialree, repeated. Pothers rjWTi 
form tp. J4, line 34). ‘ 'viihutd ut^' ^ 5 «‘>-ly sltow* that the 

wir-rii ill these iife-eit-rfii-forms is the Jiw-ew of the firal fxirsoti. 
■riim. iHC^-iJ ifa-na = mcB fir^ la-rsoii + prqi. do -h ncgotisc ««. 
A form fiff-rji de climiiialcs the evident coiiajinatlon of me = first 
pcrsoiH-plural -Jic. Similarly, Pocher-. Mparele forms 
,ir and must he rc:td afc-ac-rn-ac am! 

ra, reapcclirely; «<■'+ f'*- 

lit. ‘ it is wc who are* tcf. mu-mr-rrt, x.t'. nn't-e above). 

According to Lklilisch. -tJic-iir. clc.= mu + ' 1 ^ 

son nf exclusive * we.' Bui if ihis were the case, we shontd expect 
to find also an indnsivo ' we*= ‘ t and ihnii; whicli would have the 
form (or ufc^ec). but this form acttwlly occurs with the 

wpiatirm umniK ' you.' plural (just Iiclow). It 5 ? much more likely 
to stijuatse that mc-cfl-w. repC'^staJt a pure plural ul the 

firbt (lersoTial meCti): 1. *'.. iHCCOd"'*''' ’’’’ nc-^u* d" 
when the forin ends b Hu; pluralking of the first pcHOtt 
siugular uccurs for example in Central Auicrican Tulc mr-inafo- uK 
‘ 1 * + the collective -nmfit. Indeed, the form iiicn-Micfi i« actually 
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a rttiviplidljoT] of the firsl persotial s'mgulnr = mu*-- t-verbal -n. 
We find the rcdupfioatcd liufiix -niii-Niif 'our’ (sec l>ck>w), wlildi 
confinitf tliiii 

J/v-fft-BT declines Tegnlarlj', altbon^ no gtmitive has ficen found 
as yet; probably — iKrrj: dsil. «Nr*eii> 

iitviV; loc. iJiv-cn-iir-a, these last caset Iwin^ given by P<h‘ 1 ic 1 , 

The suffix of ihe first |ierjon plural appears as t > -Hnr'iiiH, I^ng- 
don, i>. 109, ti. 1, alihongfi this is rare ; 21 Clay, Miscdlaaeous 
Tablets, lias found: i/ntww-(«u-jw« ' our diiltl,' a direct ptuml of 
-Htu; 31 aa-Mira ; en-iHfn "our lord,* Langdon, p. 103 (EkiliUsch, 
§ as frequent in this sense 1 : 4 j the conmion jufEx is 

-H«f; od-dq-Mir * yur father ’ j utnu^Hic ■ our mother ’; l-f-iirr-fq=ftrfm 
•u-ilh: us.’ etc. The inrtoiis form lrf-wC'nf-ric=f7fi^itrn Svith 
I hem/ Dclitz.sck § 43. proljably was ivrongly translated and mcsing 
■ with us ■: L f,. ki ‘ with' + a pluraiiawl form of the usual 

-me. Tliere seems to be no distmcltun in tlurse suffixes between 
rtcitts nnil nblii|iic. 1 his is clearly indicateri bv the scries of suffixes 
( 3 M-fle-ca, rn-Jfc-fff, rii-FJC-en. tHc-cB-itr-ifji. Jtn-er-cn. all which arc 
used for the firtft itersnn plgral {MSL,. p, xxii, § 5) ami are not 
honorificsa.'i [ tltpughl f A/SU XXVlIL.p, yj). Tlicse are merely 
plural first ficrsona] suffixes with possible connecters (cf. just hdmv 
s.T. iBC-crt-m-cii). The -iirit clcjncnt which apfiears hi all of them 
must r«:pre.seiit 

— aiiilmi 'you' (given by ?U1 soiircc^s) and also 

•you.' a real pluml of the aoeoiiil personal elemeni -f tir=aa-r>. 
Langdun, p. (04. ^’(}le tlic parallel me-tit 'we/ In view of the 

fact than ai-c-riir ew also =staWfinir, TV. R. i H, rev. 3, dearly= 
+ wn s=t * thou mid 1 / it is probable that inc-rM-cf-rir al«i = * I 
and thou’ Ouf, T’-f-verbal -en+ *thtm-j-verbal 

But this aa-c-Mtc-eii is cquivalctil to r’oebcl's full form of ro-r l sec 
aUivc t.p. a«-c), It is iuipossible that ca-e-nie-eti could have iwen 
a sfcoiid tjcrsonaf sritgtilnr separate form ami at tile some time a 
second iierson pltuuH If ii were really used in both senses there 
must haveijerti a diffi-rent ttme for (sjch usage of men = respectively 
the verb 'to be' aiitl the first person. Note that the mid rcaditijf 
HI. 139, $y, dearly = am 

Of Mc-eiFCi-Cfl 110 genitivu hits been discovered, |pul it probably 
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'A’^ (KtT >; ilai. m^-^n-si-^n-Fa niid ja-ra-ctii-^'-irJt 

( Ij; Icjc, In tln^sc iwo latter forms, we iLive a re- 

ilnplicalion 0* she secaiid |>erwn; f. f., ^d + dat. -rtit-|-verbd 
Iki MH^ihe second jx?rsorMj| with rn = j£rre«Jcw and -n-a 

loc.+ ((1)1$=second person+ vvitli verbal en = ii^c«. 

The flitftix 41 i die ftct^cHid plural h fnif-ZU'^-ne, ‘your 

lord,' Lant^doii, p. 104. Noie tluit in DcliT^sch,/\S"i#PHeriVf/i'^Atc- 
diFi^ii-Hi'ititwhi yokal/ul^rfragm^iUF^'* p4 tile fotm ij-rpt-iu-ec- 
jffrtiijfM, * for your wage '=the suffix with infixed 

preposition id ( ku)+ directive u-df, an unusual and interesting 
example of inlixatioii. The suffix ^u-ne-ne ofteo occurs, Deliliseh, 
I4J: "tijKiii you"* nitm-Fn-ua-un-su-HC-m' 

=i maci^ri!kfiriu, etc. Here we have plainly the fuic plural of the 
second personal eknienl atiJ no tndicalion of " ihou and 1/ 

As in the ca^^e of the fir^t jierson plumlp there seems to Ijc no 
distmctioit lieuveen rfetus and oUhr^ue, This is iudicjited hy t!tc 
series of suffixes similar to those just cited in connection with the 
first per^n plural; -oi-cj-cn, -uiKf-rUp -fn~d-fn, -itf-ci-fn, 
m-fi-fn, ^mf-i-n-d-en and -Mn^t-esf- The fomis -iiie-cwn 

and -Jne-+'i#-rs-eM may contatn an *t and thou* clcmcnT. These all 
represent the second personal .suffix with passible connecters. 

£-iie-fte-ftf/thcy ^ aararding 10 DcliU,^h, g j2; cm* + *he 

and they," but tbia form is more Likely to be me, * he, she, it * -f the' 
reduplicated plural element -Jic^ ns in the case of mr-nf and 
He, cited atiove. The short form ^-nr-fn? if. also common^ Pgdid 
lyivn r-UiT’Mr'trr as the full sc|iaratc fomiH Inn ivithtuli Miffideul 
foundation, 3.5 citlier r-ne-ue or r-ijc-iif-fic might have served fn 
th !5 capacity, a» in the case of the ssngulaj e-ne^ 

The third iwrtion dcclint-it reguhrfy: gen. e^iie-ne-ffeiKii) i dal, 
e-ne-ih’^-^r: loc, f-ne-ncHi, 

The third plund suffix, as in the case of (he third person stiigulxr, 
is twofold; s) the fl ttoi being always present, in Fart it is 

UHiially pan of the prolonged root, as dug-^ii-uene. U appears regti- 
Inrly «i-fie-m\ 'thdr tiand*: pir-iic-nc* Uhdr foot; ki-fte-nf-ta— 
iftisiniii, 'with them' (on ki~mf-ne-ne=fttikimi, Dditzsdi, 

«cc aljfive s.v. mc-eti-ftf). 2) The eiidmgs m\h the ^-tlciiient: 

irV-ttr, Dclitz.sch* §.y: (fc-Hf-nc, Uingdnn, p. loS, and 

etoc- AMia_ rwii, UfCL ttv, aiA e iPiiK-rxiJ n, icn 
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Lafigdon. p. lCiS^, arc also comnwin; sih-i>i ne, ‘ their «iicp- 
henl^'; (t-angdon. p. roS), Tlic flistinrtion 

bctwwn remote and neJifer subject and object, respectively -JiC’itc 
and is no more logically cam'cti out in the later language ihafl 

in the case of -nt> ^he third person singnkr Init their 

original retiiote aiid nearer force seems just as probabk. 

The third person plural t^ossessive is trwiucnili exjiressed by Uic 
singular su&ies of the third person : -rti. 41 a phcTiomction which 


TaHle or Pmusonts. 


/ 
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rire 
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- 2 u-m-nr 


SiirFixEi 

d}-wh 
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f -hi 
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Th^ 

r-H 

r-jfif-Mf-rfl 


C^^:f5^pxn^*« ( nf<,^ffcmjfn Rirmst^ 

m-nr-tn, rt6-rt-p«, 

iM-dc-PW* fn^n tn, 

Bli-Hrf'-J’d ir*“CT-|rrt| Hi-fT-/rt^ 

ini-d- 4 ‘N 

* CpTtifufcil u»Ke- 

eNn diitittction lictweeii rerf*# and ohlinue. 

* PpnhaLtr ilhtLnction, l«iween iuftfer anti Jartlitr salijeet md ohjeeL 
*t;e«l only with participles, » far as i« knuT^s. &» lulow. 
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is seen in other languages, as, ior example, in LViitral Amerkan 
Tulc. where a‘ti. Tri ran mdteate boih ' he, she, ii ’ and also ‘ they' 
{Prince, Amcr. AntlirDj>o 1 ogiflt, 4®4^ Die ii'tt, i (i -cteiiient 

may he pluralized by the collective suflix -(tu/n, which, howevci". is 
often uiuitted). 

11 . 

SuitKBiAN Vehw wmt PjtoxoL’Ns. wiTU Refehexcfs to Folwav- 

iK« Com M HUTANV, 

1 -TllEX 

Ga-c 1 ,assi ^d-Mtu-rd-oh-ifffli *T t^il! (let mel 

make for thee,' P., Hn. 1+2, rev, *, to, 

Ml?-ei~ASs: *l 

stwill noi go IR thee,’ P. AO. 3403, 6, ivi ' 1 gave 

thee as H. present,* P„ pH toj. 

Mt-CLASs: iBr'm-wo,r-cn, 'I marie thee great ihcrcm (tor itl, 
P., JJ, It2, 

I-Him 

Ga-cIhAss; ^a•an‘fta'lHm=lt^^b^^'S\l-v>n^' I will tiLtke it for him, 
r„ No. i4;r, rev, 2, 13, 

MU'CLAss: xn-HPH'ttC-rfit, *1 hiiili far him,' P„ p* toa. 
du, ‘1 hnilt for him,’ P,, p. T02, ,rii-Pfrii’fli’WirJ.T“ *I 

wUl increase for him' for) ’thereitP,^ P*, p. i02, 

MlHXASSt tptp-«p-f=!a-ptd'tip jn-O'fP, ’1 it for him.' P. 

JR,\S., XVn.. 65, 4, 23, *1 HPOUlded it for 

hiup* (or> ■ therein.' P.. p. T02. ATi-iPir"pitf‘'f"it-tOJ‘“fpt’'*»n-tMi*«», 

* 1 stipporlcd it,' P„ p. to2. 

NK-tt.Ass: «e*^rf“ij, ’ I fcsutifcti is (Ciayh* 

BA-CtiASs: fta-o^ff'iKf-tiP iif*rt*lp'( + -h'; proliably iPtp»#*). 

P. JRAS.. XVn.. p. 63, 4, in. ia-m4=£P-ini-tfP ifin-n’ iwti-tf, ‘ i 

if fnr Him.' P. JRAS.. XVil.. p, (is. 4. ^ 

air.ipn^tc-rji ' 1 went lu hini,’ P, .AO., 54^3* ^• 

Bp-irLASSt hfsn'JM'Ptii sip-o-tr,'! it (or) him,* P. JR.AS.,XV ll., 
p. 65. 4, 13, fti-j'=-ii-W(i'ifM 'f it lor) him.' FA JR.AS., 

xvn., p- 65, 4. 14. 

TfN)-CI.ASs: i-«i-i5=^ff-ip«-JfPP ipf'O-h' Ju-tf-tf, *1 it for him,' P, 
JRf\S.. XV U., p. 65, 4, 22. in-jfrt-ppp-f = ff-«fl-Apt Jpi'Pi’h* i«a*(P « 
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m 

d-Kii-jtw iH-d-fHHi, ' I it for him and I lo him it*' P. JRAS,* XVXL, 
p. 6S. 4* 30- 

saff-tum^ma i-m-in-pa= ma-ifi-ir-tom ak^i-uittt, * I $pokc favor- 
aUy to jiim*’ P, No. 142, Ti:v. 3. 21. iH-ua-U-*n=t-U-xt-Sum, *1 
have gone to him,' P. AO- 54031 *■ 

IM-CI.ASS: li-siff ' I asked him,* P. p. 104, 

Thov-Me. 

Ma-ct-vsEi: rtflUHinir-toWiJ-ifv 'do not 

come to me," P. AU, 5403, 5, 

,Mti-cLJts 3 : «ujfj“JKit-wJt-J'<r'.rji-cfi ^/b fK-fr-fri-da-tan-at), ’majst 
thou not tw: tost to mt,' P* No, 142, rev. 3, 8. 

Tkol-Hih 

PCkSTPtisiTJVE CLASS: ‘make far 

him * P* No. 142, rev, 2, 14. ffur-mt-st-ib .' turn lo him.' P, No. i+J* 
rirv. 2. 16. t^-B-no'go to him,* P. AO. 540(3: l. h 4 ' 

"do not gt> >□ him,’ 

P. AO. 5403* 4. 

Mi-ci.Asa; = trWo JN.o-li: ‘thou it it,' P. JRAS. 

XVIL p. 65, 4, 35 . 

Ha-cla-ss: l>h-e= 0 f 4 a~ktf (sif !) io-n-ti. ‘thou it,’ P, JRAS. 

XVIL p. 6 s, 4, 30 . 

Bi-elass; W*N?.=^(V-fa iti-o-ti, ‘ihoii it,' P, JRAS. NV’IL p. 
65, 15- ti~^=!at-ta iu-a-ti, 'thou it,' P. JRAS- XVII, p, 65, 16. 

Upt)’CT_vss: i‘tt}-c=ai-la lu-a-ti iH-u-ti, 'ilwu it it' or 'it 
for him,’ P. JHAS. X\' il, p. 65,4, 24- m-wB-ftiV = nf-fa hiit-H iu- 
a-ti, * thm) it for him,' P. JRAS. XVIL p. hSi 4r 33 - in-ini-tt’e'fti = 
« U-ii^xiriut», ' thou hast gone to liim/ P. AO, 5403, 9, also ' go to 
hW ditto, 2, 'thon shall 

place it upon !iim.' P, AO, 5403, 10. 

IIe-Me 

Ma-ci_a£$: 'he gave it to iwe,* P. p. Hti. 

ig{ , , . 'when lie looked upon me,' F. p. 104. itji 

. . . jwu-ff-m-tar-rn* * when he looked upon me,* F. p. 102. 
itr mA-ifii-dH-pa* ’ wlien he ccenimmderl me,' P, pv 104, me-rn wiB' 
'when (to hiiilil) she ordered me,' F. p. 103. .va-ma-ab- 
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'may lie make for me/ T. No, 14a, tev. 2* 22, 
ML'-ct*Aia: »»u(-«6-dtni-e=i-M<f/>i)-W'aHi, *hc im<le for me'; 
P. |», 57. «v, 5. 19, rciulcr* ‘ makes '(?)i w-fii 

‘ he lUil not make for me,' P. Xot 14^1 rev, 3t '® 3 “ 
-BJiw-iwJ *lie spoke favorably 

to me,- F. Xo. 142, rev. 3, 21, My-ki , . . mu-if-w-^dr, ‘lie looked 
on me/ P. p, X05, mti'na-an-si, 'h* has given to me,' P, p. iio. 
ttiriri »««“i*n 4 «r, 'he deter mined fate for me,*' P* p* 105, 

Ml-0-MS3! mim^inif mt^ni-in^tar-^o, 'after he had determined 
fate for me/ P, p. 105. 

He-Him 

3 iTij--ci„iss: mu-iiti-iii-iH-pi-iyf, *ht replied to me/ P. p. 93. n 
. , , MiU'-wB-an-rf-iiMi'ftf,' after be had given to him/ P. p. 105, inii- 
mi Mf-fil-rfii, *ht hail built for him iherein/ P. p. 105. WM-inMUt-ij'- 
‘ lie made it for turn/ P. p. T06. 

irt-cL.vsftt wii-iji-rnin-o-fi vti-ii-rf, 'it for him/ P. JHAS, 
XVn. 65, 4, 27, iMi'fff-in-ntr-rn, ' wlieil he had determined it for 
him Ml)/ P. p, 112. 

BA-ct*\ 3 S: *0-0)1=jtt-niM-O'ff, ' he it/ P, JRAS. XATl. p. 65, 4, 
21. *(i-itn-jiit 4 e = f4f-Jt-JHni, *he went to him/ P. At). *403, 7. 

R[-cLAS!i: hi-jn=in-ii jn-a-fi, ‘lie it/ P. JR.AS. xVlt, p. 65, 
4. 17-18. iu-ni W-fn-jf-o, "after he liatl placed it in liis hand/ P. p- 
l<» 5 - 

liMtt-vss: ff'-rt-hft, *hc shall receive for it/ (Clay)- 

[(.vi-ciASSt iii-fl-fi. ‘he it it/ P. JRAS. XVII. p- 

fif* 4 1 2^- ‘he shall give it to him,’ 

P. p. 94. oi-wa-ab-fli’-iTf — * lie shall answer it to him, ■ 

P. p. (14. =u-to-Br-i». ‘he shall return it to him,' 

P, p. 'M< • 

Tiiev-Me 

Ml’-<;t,A8S; * they have 

looked upon mc,‘ F* p. lOM- ' they 

have given it to me as a jptV t\ p. 104- 

iw-ntn'id bi-in-si-ts-it. ‘ ivheti they gave U into my 
hands/ P, p. 104, 
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Tury-Tker 

PkECATiVE CLA.^: K\ I'o-ra-oit-sd-m^fii-uf ^ 

'may shoiv reverimce lujto tlitfe,’ I*, p. inx 

TitRY'Hlll 

t*RECATi\'E class; /I'/fM'iii'lun), ‘may 

tiiey make for him.' T N'o. 14J, r«v. 2, 17, 

Mv-cj^^ss; wtw-wft-iirM'ir-pH^-TTJC'Dixj. *M'hen iticy had piveu l(i 
her aj a pit.' p. U2. * when 

tlwv had givcti it or gave it to him/ R p. 104. i^a 

= 'when ihry had mafic secure for huii.* I’, p. 104. 

11 N )-<XASS: in-m-ab’ka-!ii-i;{-nf a-dm-m-mt-ium, *they shall 
[*a> Isim/ P, p, (04. m-an-ita^l>-dim^-nf=la i-f'i'iu-htm, 'may 
they not make for him/ P. Xo, 143, rev, .r, 18, 


Co »4ll INTAKE. 

1. i?4% " I (j.F. l-tirH) ; iiL Afso IV'. R, 14 , oTjy. jo M i ba-fti^ 

=^ifm lakmUi tjiJiriih, “1 m\l\ mviit nhtm] to a iMfC: r^roliMbb 

first pmon, ljut tht tcjtt It- brt^kcti. 

2. /bi-/(liuit" (j.F.riHHi-nrM) j u£rt s.H tiricccEiittipn Cf. AJSL XIX^ 

}jd; l\. R. 17^ 45 bi IV^. R jo nr. rcr, i$. thetc ^■j<cTirt m ^erl^ 

It ist po^slblp ihui the. A.fji)TisiES cIi3.iie^L 

frO'-fn at 3 jh. (icrh+iji^ wiu ittcil fnr a gctirrlit ^ like (jrerttt&n 

tmn- FreitdTi ow. 

j. /ffl- *!li!r«J perKoo' txF, : acew* 

4. /^f-,' I' ts.v. t-mif) ; an iinututil \ni^% in thU t^onse, 

5. Nhou * fj.v. ^ ati imMnual prr/ijs m ihii icnsc, /ii-, 

a ii uuiisbiikl In jmy cwht, evcia as iht ililrd \KTv>tu as It ik 1 mmtnoii 

Etiird iKrrsona] 

A, J*f». . , .<i, rhey' f^.r, T«tY-»m); not ecmimen, nitbuugli. if W- » 

u»n> in life siitMubr s I*., it ra nunrat t» fun! ftf*, , , , /j for the nlwal. 

7 - 1 fr#, i-TJ!ri!f I'Him); 4 very enittirum first itcnteonl [irefiii. 

pralKihIv rrorti Ibr otilinriaUve j/u; bi latf, ita- wa* ynitr c«f]»rfalJte nrimi- 
noTly, nlttioiiRli is b fregitciuly m«d in til* icna<< *l mhJL" Cf, IW., f tjy, 
and AJSL XJN, It alw =1 p, in HT. no. ohv. jsr ifj-tiii im.Mf.fur-ciii 
I 'cwtie lei art* Note thui ip i p, phtml here. On llie 

udirr luuiri fKi- u (mH for the j ji,. IV. R. 11. 4? h: rt-nim vn-Mr.iTw tnu) 
srtiiii waFcufli Ifiiiiib. 'dmu iholt pB hi the waldi'; cf ,M_» 134, olrr, t; 
on-vnnf ifd'fr,^ bil-jim tar-ki-tn m-f bil=n^r in ltim« 

ifitiNm I'mr imBftn naf^l nnima.' the light of itie licaren wjikh Tike fire in iho 
tiiiit phitir* jrt ihini, ftrt' Go. 4l»o way W upcil for Hie j p.j IV. R. it, 
iV-an b: fMU ui.tn.jii dairv-tf4-«ii.ia «-on jti0<ofi»'f«Mi-frf^ firil usuifu el/ifl 
mfnurfi frjH/0. ’ wlial iiiii Lc iiimnieil wtili his Lriltlimt mrp.' 

A Im; M’ (*,v. i-wJHt; cJ alio IV'. R 4 41, ‘I 
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it at the tmttom' Irai iimJ *ith » pfCMding: wJwf, * V im-, liowner, 
cImi rtitaa "tltim": It. R. iC. *6 «i tr 
*fboa »i'Ceiwit' tm- 1» '.'CT^ cimaiian v % lliird pCTsooel prefix. 

^ /ii._ »|' t-^mul. V'ery rare rxxitiplEi are the beit 

mitaace^ of lhl« au. 

10 /«»% ■thott' Ir.K Tiiai^iHui i lA'. R 7. JO 5»: *■'" 

W- u«<i «*ff. 'what I know (hoii alwti know 
(=* for Rie‘ = J ef- AJSL XIX.. SiB /n- i» samnionlr nsH with 

Ulc ihinl pcr«»n, 

n. iit-, , > . -uf, 'ihej' Ijr.Tiitv-iit«) ; a kittical third perioa plyral, 
tJ. itth, 'mt. 10 me’ la.r for lht» asasc Poehcr* esnmpTes art 

lw»t. Sole aUo nMj-«»-w = fdJmfo. *ht lC*ec it to tiim with the third per'- 
un, Br, 4418. 

ij. {t^p. i-THWB)* Pochel'i example i* the otily ottc koowfi lotiic- 

14 'me' tJJ. «s*Mii Note that the *o'«' heft ='«#.' 

J/i n mo« eomtnon with tin third perwnml »enw!. Br., p^. J4«S. , , . 

IS. iff-. *t(wiu' (r.p, inoP'iiiitl J cf. »Uo IV. R. it. nr. 3 . 6-7? (af-tal-oi 
iDi-<tf-i«-hV= ti/Jaii (awnn, ‘ thou ri*arde« it as a TiiJti,' hut H«l* ‘o 


a 4 p, -fN in line 3 

16. ,U»-, T U.P. i-tUKRl i*tiTU>5 


I'ere eomtnon o*e fsee AJSE X!X„ 


I Jjlf* 

17, JfM-, *lhou’ (#,o. THoir-*tx> : only in Poehel, so far^at^I bafe met it 
itl .Uo'. 'he' (a.F. M1 E-U*: ue-iii«)i fitnim: AJSL XIX„ pp. 

10 , Mu- , , . -ri. ‘ tber* iitf, THSV-Mt-h * nattirtl phlral of siii-, hr. 
Sole ma- . .. -wi, the some pltrral « »•»- . . - th^Uli vowtl itarmofly! 

ml for tL 

111 . 


ASALVStS HI' XtATEHlAL. 

'Jlie preiixw. Infixes aiid suffixes sliomt by tbc above table may 
be grouped alphalielically as follows : 

“(turn thou) ii to buTi*=ifb. 

/ai-s=s i. J! and 3 p, snbjcet. 
ba-ciir-.,' be it.* 

6 o-a«i-iio-, 'tic ill lie tor liini.' 

2 and 3 p, rtilyoet. 
irf- , . . -tfj= 3 pl, subjecL 
i |K subiect. 

rpi-«»M“ 5 ^l p. subject ? * I will.' 

g<n- , , ^ *e-wc=: 3 p. pi. precalivc subject. 

t -^1 |i. subject; cf. 
f(b)'= 3 p. subject. 
iMt- 1 , a aritl 3 p. subject. 
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»-nt>i'ii , *1 to him.’ , 

**«-= t, a and 3 p. suT)j«t, 
iii'-fra-, * 1 to (for) him/ 

’ he (ll'Miv) to him,' 

»t»(H =2 p. Mihjiiaf 3 p, s-ubject;' hr to me.' 

* he it for me.' 

wa-ttih,*she the) - * , me* (act.). 

tmi-BF-prt-,' he a|»on me.* 

t»i-= 1,2 and 3 p. subject, 

tHi-fii,' I th« thecdti; I it for Tiim; he it for me.' 

*****“” *, a and 3 p. subject. Note also Itie Foriowtng’: 

«*«- , .. . p, subject. 

’he to (for) him: he it to tne; they it for (to) him.' 
iPtW'ita-iti-iit-, * he it for me*’ 
miKwi-, • 1 for him,* 
tNit-h'-ri»-, * he for me.* 

Wi#-wir', ‘he for (to) me.* 

‘ they it for (to) her (him).' 

-IW-, 'for (to) him.* 

'tjd-ofp', *it for (to) him,* 

-mW-, ‘for him'; mj-m-i-, ‘1 for him; thou for him'; • I 

ft for him'; ■ X it for him.* 

*rrt',' to tiler,’ 

-ro-o/»-, * it for (hce.’ 

Analyzing the above eliim««t.s mliJ further, we oUerve that the 
hriii i^rsoiial nibjca may he denoted by; Jbtf.; fpo-; 

The second personal subject may be denoted by: fro,; fri-.- fp,., 
ma-f flii-; mj*,; »in-ri (pj,),. 

The tliinl fienton.*!! subject may be denoted by ; fro-; frf-rf (3 p[,) . 

/(fr)-* in-; Mpff-; Hff-; wiw*. 

In otitcr nonls fro-, tm-, ('n-, mi-, and wjw-, may indicate the l, 3 
and 3 persons indiscritiiiruiiely, arnl that ipm-='2 an^j 3 i^rjons 
wtiile pc- T,s almost always used for the t p. * 

Nor is the problem made easier liy the tahulaiton of the i. 3 and 
3 person^ objective mfiws; via., t p, object: ma-, •!« to me*; nw- 
rtfr-, 'he It for me'; ma-tm-. ‘she ihe) ... me* face.) j mo-m-fn-. 
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*bc ijpon nie^; ini^-WK "Jic it for ni(r': mii-tid'Oif-, 'he h lor me'j 
'he u|KJn nie"r inu-iiK "he for me*: ’he for 

\ la) Tw/ 

I'he secuutl i>cn 5 Cinal objeci shows; jnj-iiK^ " J thee thcicbi/ but 
consislcittly -rc*“. *10 thee j thecj ' it for thee/ 

ITic tJjircl jHirsomi! object U icen in fcu-itn-* ‘ lie tMniit-Ma*" he 
h; he it for him’/ iVim. * i m himr; mjj-rttnin^ 'he to (for) him; 
they it for him^; *lhej' U for her {him)/ IT^ ele¬ 

ment -jHi cleurly ='^i<3 hiitC ^ WiiHifi —""it for him': -m'f-, 'for 
htm/ as " J it for him"; * 1 it for him" ; r«i-nf-f-, ’ 1 for 

him ^ thou (or him/ 

Vic lind jTi these forms llie dti|ilicsite mi-ni-K ‘f thee therein" 
and * ] for him ’ — I and 3 object; " he for me/ but mu-™- 

0W-. *he it for tnc * and " fie it for him/ 

Pocbcl^s table oi pronoiuiml elements ai* used by the verb (.J>; 
45) is most ingenious^ hut iioi sati^iaetory. ^ will hv showTu His 
classLftCiiticm is as follows: 

iaindl. rBcbiic, 

t p. " m 

a tj r M 

,i p. n n 

Collective h b 

This he has clahcratcd from his Paratltj^ui? (pp- 70 iT); thus: 
ni-b-4^ii/l i>ay n is prelonraiivcH- the i which coniains the 1 p, 

-i-^r-^uflix o! tlie I and ^ p.: ftNa-rn also^'ihou ;«y- 
fslonly here, he ihinlsst that his iwrsoual r is contained In ihe 
I of Ji^i. jVi-fii-e also means "he iKiys/ where the n —prefomiative 
of ihe third twrstm-t-cotinccling vowet 1-4-root fti+3 fiersoTial 
-suffix -e. The analysis at the forms, ju.^i given U my oiviip made 
fiTuu tv hilt ! believe to bc liis theory. The ’-vowel for the fir?t 
;ier£on again apijears injhc simple forms i^dinK imtde/; the 
^-vowel of the second person in r-dim, Hliou niadcst* ami the u ot 
the 3 jK in uiifini, ’ he mailc' fp. 7B). Simibrly 4-tum ^' I bronj^ht' 
(<i=rt’)p- a^jncNj, "I am* (thsy); r-fiiiJi^ "thou dirist hfitig* and 
uiMiiiK.' he !>rou^]it * (p. 8 q) seem to indicate the correctness nf his 
idtia. Rut^ wiihnui ciitcring more deeply tnio iliis lugemoiis and 
c:ircfiiUy tlumghl out ihcttr>'. it may lie demolishe^J hy ihc dnipk 
tact that o- i=to'}, t- anti u- do not always mean the t, :? and 3 


Hf {d^ ttuJ fit) «i 

j (JHul iTJi) r» 

s f 
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pcnwns, although a- and r- uaiatly occur in (his sense, Tlius, n- 
iiidicatcs the 5 p.: a-niH-riHi-ne=it~ti''ltu-U*)'. 'Htcy liase been int- 
ittcr:<ed*; a-ah-~dit{K\K )-=ihba^r'a i-hti’bu-iii mid 

both dearly lltird ijcntons^ aIthou(;h the nicatiiiiR of the 
stems is unknown (cf, fir,, p. 54^^^ (tm tile other hand, ii* ijencTally 
indicaics the i p, f PrJuce. ,VJS 1 _ XIM,. p. 5H ». The prefix f- is 
freiinrmly used of the 3 p, as: i^ay, ' he imde' ; e-Tjas," he kitted 
'he went’ iDelitiwh, §133 and iiiKpH. As for «(fl, 
Porbcl liimsclf ijivis examples cited above of nffl used for Iwilti 
the i and 2 persons, wtiite for the 3 (lersonat usc,cf, Br., p. 543; ni- 
-w=hntH f’-tfiMp, ‘dicy know* and fi-Ji', *ttion knowest’: 
f.iKl * it is,* etc. ad nanacaHi. In oilier w:ards, u, e 

and «(* > ap|jcar u«;d for all three iwrsiitii indiseriininateljr' with a 
preference in favor of tlie T, 2 mnl 3 t-ersons respeeltvely. On the 
other hand, i$ Ptid«;I correct in sup^msinj; tliat ttic sulhxcd ffirms 
’fji attaelied to verba are chamcwrisiic of the 1 amt 2 persons ottly f 
.\s in the case <»f ti. i* anil it they apiifar in<lis«riimunle1y for all three 
|M.Tnons: '! iwiy * thou paj esl,,' as cited stbove. Init inii'fiif' 

iV, K, l(ri 4?^ h; m U'ti ‘Cn = 

ninr,/, 'they have sent me.' Br., p. 5(10. As 10 Podjet's 3 p, -r, it, of 
course, occurs of leu with ifie 3 p. ; ci, hi( lut jT=rjt-du‘maf’, Rr., 
I 4 W. etc,, but also * lliou sbalt 

cause him to seize it*; ii is also a freiinent sign of llu* {m]ieralive, 
as fen-c Si If A If/, cfll thou j (if~c^=ff'dcf-i,ifl''Fff, ’have conmretion 
with me,* Br.. 553. 

Tlicre can be no douht th-tt rodlH.*! ts rigUl in givinj- amt 
ti-h as the respective duimeleristirs of the emlitigs of the postposi¬ 
tive cojtiugaliuit, as -hiw-, ant! -wr^ -ii«- ymt -A*-, -ha- arc lltc 
orilinar> 1, 2 and 3 iH.<rsoiml swftixes, respectively, of the (lostposi- 
dvc /idf-ckiuse: yd wen here we find a varhirioii, as the third fier*' 
son also Appears iviib tin.- imliuarity first iiersoiml *«iw in retative 
clauses. Tliis is tht ist>-ralted -fttii of the third pttTiMij which J tie- 
Jievc 1 was rhe first 10 call attention to iMSL. XXIX, §32). The 
ticsl illustnuion of it will Lie seen in the fi 410 wing phrase from IV. 
It. 27, No. I, .i-it ; 

Sffr-ior a uir-iKip-ci-niH 
hi-i-im Ji> jmi uiii-.oi-ri-c mc-e fa u-fu-n 
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thf? graiu which tiath drunk iiu ivslcr m its 
siifftrr^ cJfit'Urt pa 

iwsi ^Z-r-ri la iiy-nu-u 
u'hiisc Intd Itt tht /idd tw g}KX»t ha* l^t«rnu; 

Ja ifia m-fi-sn la i-ri-m 

the ! 5 proni \cJiiclt in it* ivraier-ditdi itui iikiuLed; 
ni^A-AM ur-ra ha-iih-hu-fa-mu 
{it-'diUj-qH) m U-do-fUi-ni 

Jht S|>fout wbo 5 <f rools Imvc been loro nway^ 
iar-iiir-ni a 

qif-u m fiftf risy-ans-ri-r inr-c la H-tu-u 

the vq^etfttioii which in its heel lijis ilnmk tio water: 

A listinibfr cuiislmciinti tn the u 1 n>vc h uinJonblcitly that in 

ASKT., \h i-yfjp i6: rri-r7j-fcrt dit-tf-iww cr-rft-Jti' ia 

ma-ru^iU-fum ^uotu thy servant (fcniK) who h^s (lii. 

^ make* ’ = ak) ^ickne*-;/ 

tt h ficTfccily evitlimt from the alcove exmn|i 1 c* that we tiavc 
here a inwclj- relative -ojii uscfl with participles. This i* prybalily 
identical [ii ilcrivation wiiti the tlcniuostmtivc mu* tn the rcg^jbir 
TcLittvc pronoun iriw /w ami also with the comrouii Jitii-prdlx of 
verbs. It h qiiile possible: lhat this rckOivc -mu was iise^l tcj indi¬ 
cate all three jjerscnie^ like the »iii-prcii 7 r in verbs. 

What then are we to cmidiidc as to the prononunal me with the 
Sumerian verb? Is it |«-j? 3 it>lc to ituagiTic a verbal i^ysteiu wiili 
no fixed nieihod of expregsiiiK the prcjiimiiis? 'fhe existence of the 
practically fixed svcoiifl personal value of the infix -m- 4 ind of 
the very cuiiiiiion UKe of ifn- a fir>| ]Hrntoo woulil lead its to 
iitTpr*^isc that tbe verbal prefixes were realty not iiifletcrminate iiro- 
iiuiuinalLy^ even lhoii|rb Delitisch lays^ lioivn the rule tbal fherc is iM> 
Movtirtd [>crwiial coiijttgatiiin in SiimiTian <|:t. ro 2 ), 

’rite exisicmcc of third frenioniil clemeiu* has lonff fecog- 
ni^cib The difficulty lies in I be a|ip!irenilx hrdistTiniinatc n&e of 
many verbal prdjxes fnr all three }>er$oiiLS aJid the fixation of tliiii 
usage by t^jclicrs uiidinitueflly valuable ctpmion*. The f|uc£jlfoii 
nfjw' is wbether Tpclict ii Hgbi in sujjfiosing that ibere niukrlics in 
cvci'V ense «f a ftrM personal mage the "-vowel, u e-, tkit jwit-, " 
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stoM for !««-■ h. ■ ,ifd ccmtarn thi* ck«,cnL Thk i. 

ftjiuilly true of the c^vreUK of KWn.I (K,r^on varying with iV 
^■, “‘I'' ,w ™ ,„ mto,.-j „ 

r.” "'ti! T"^' fo-. im.. ,».. mi-, 

I . WW-. 1 he laltcr question mqai 1« atiswwetl in the necaiive 
bmuse. as just sliown, r vv-as not nse,| cxcluFivch- of ihe s«oiul 
p rioti. Aa eMtnmasjfjn of the i^ntdipus as given by tut in tht* 
pajier will allow the improbability of aueii a jiropoMiimt, 

ly first thought which strike* the r-hiloI.^‘st stud>-ing this n*«e 
y cwifradirtory forms suggests tiie ihenrv that in 
Sumeruin aa in other laiignages. ,«rsoii in ,he verb nuist have 

^ hi AJSL XIX 

Sirif this T '"‘o matter. All 

^lolors m this ine liavc preferrcil cither Id deny ihv ilislinction 

Of pr^imim by the verbal prefixes or else to sug^^ a difference in 

IT'iXr^A f 

ft woild haveT * “*■ some all 

tt ^ould ha.e h^ mdiLutorl least by a iirolongaiion nf the vowel 
of the prefix. Real voiccloiie wonJrl tint have been so desiguajctj 

ualU estst lit Afneun \ornJia. as iU rr 'ihv I«h*l * i -i i 

.- •»“). -h- ..hi. 

tai .h,. |«,,||c, s, 

tiinsj 7 ■ '■ "''■ ' ’■'■ »ill> 

™. ««.„ i„ a,w The .hree e,,„cj| ut. tr . 

m- sin mil., ihc iivo peemM by „„,| ,he siittilnr amsienilv in’ 
dtscriminate u.sc of the infixt's tintofl -,lu .. u ■ 

s lehicb „ ,ne 1.1"^"^ IrS^bV^r 

vowel, exist ii> such prefixes and infiviK r t ^ ^ 

present hn^,. were they disiiug„ishci| f There is'^„t'hing*n’^Iht 

r«il„ nf „ living ““ '» 

ui.,ii,mioi, i.,..™„ 
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iiig iuch 13 iow" aM 'sew': ' low' = " below * ant) tht verb 
" lf>w/ eic. Similarly^ tlic Babylonian priwl lo whtmi Sutnctiaii was* 
if not in later limes aciimlly n livirtg nl least a pmnouncetl 

Iflioni, wouftl never ha%T ihonghL of incbeating the tonal dilTcrcntia- 
tbn p^ tht graniniatical verUil elements. The very jKJverty of 
Stmierian ptionetically aiid the apparent monotony of its consonuitzJ 
oleiiittils go to show the necessity of sup|>osliif^ some special tifiindi:- 
calctl itieins of diffurentiaitou. There ^eni 3 to be every' reason to 
suppose thal such dementi ciled al>ovc is in-, »if-, tjim~ lii' 

dicat ing I ho first, second and third persons in the verbal sdieme 
miisl I lave Iteen Inna Ely differentiated. 

There only about ele^'tn distinguishing consonantal elements 
in tile lan^i^ige: vb.- b. probably near object and near demon¬ 
strative: i/=partilive: locative^ means; jf=precaLivd and Iriten- 
liotial: hcnccj. future (=:alsct n<|=;n) ; g=]iurK precalive ojualivc^ 
indicated herein by t; I \ rare)=ii; wi = demonstrative antE rdatirtg; 
tt, probably — remote obfecl and iJemonstradve; r = cthEcn[ daLi%'e; 
ninlinn* cUrectioii towards, iuid jjcrbaps rhrttacUm for z in the secnnil 
pereon -ra; f= direction tofl *irds, similar to r, sviih which it nmy be 
connected ctvmologicany 1 1 ui * or " out of ' : location in general ; s 
=pure second perstmp the' only fisetl cxm^onontal gtammatical value. 
Conihitie willt the« elements the vowels n“direction and * (**}— 
completed action, |%isi and ftnure, having a force like the Slavonic 
"'perfective'" forms, not forgeliitig ihal i may be lire Iiaxmouic 
equivalent of r ami n of u, and we gel a reasonaUte eacplamtiuii of 
most of the prefixes and suffixes of ttae language, paTticularly of 
the verhat prefixci; trealed aljove. Sep fur a full discussion of these 
points, IVtnce AJSL, XXl\\ pp. 35*1-365, ami a 1 .-K> in Kncycln- 
paedia Britaunica, XXVI, p, 77. 

roeliefs infixes (pp. 70 fF), all wliidi are, of course, W'ell known. 
I will aniplth by the foibwing examples for the ^lakc of clearness' 
na, 'to Eiini"i = ' Eve gives in liim* = mti 'to 

him * + n, * it" remote: ' he will pay to them" {-ne \; cf, 

‘he went lu him': note tint iiJi=*tlienj,* fir., p. 46, 
2$t ia-ii-in-je, *he gave to ihcm*; ' he wdlj pay me here 

the m stands for the 1 p,4- the directive u; mn-ra-h-t, ‘)^t w ill pay 
llice the mil eciisfeairis the dcnkinsirattvc m d-the tomtl vow'cl of the 
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third person + ilie 2 p. -ni*, • l« will pay to fitm f. the 

perfective vowel remote object ' jf' « directive ; 

*he will pay to me the totia] tim of the l p, -|- directive ii; mu^- 
A-fe-c, hi* will jwy for thee t ricmotislratiTe ro + tooiil w of the 
^ond J>crsoti-i-perfective r/ if ir>'/pWd-c, Mie will pay Upon <= 
fori if ' = Jjerfcctivc f+remote object w + perfective f again + 
iii, rcsilly = thcreiit j ii n ' he will pay to him upon it 

same a? the abo^'e with the tlircctive Ho-msert: if)-fit4u.e, 'hr will 
pay from it ioot of it} j perfective i-4“iiearTr object ifnj-ifft 
ib}-ta-la-e, *|ie will j*4> (o him from l oot of) itsame as above 
with directive im + nearer object fr; ' he will jay tgjfcawr 

with if 't better ‘ by means of it*t jfr as above with the da of means j 
‘lie will pay logeiher with tiiee* demonrtraiive w 
wifli tonal « of the second pcfisonjierfeetivc a-; alavc. 

Podiel’s whole set of 1116x-paratligms may be wtplaitinJ safisfaefnr- 
jly follow mg ihifi sy&lcm. 


THE UAl-l. CORBIS'O EFFECTS. 

Bi- E. AfiAJJS. 

(ftVaif if. 'W'.f-’J 

Al««t imr veaV> Kgi. Fm(c.«or Corbin^' (k^cribed iom,^ effecU 
wUick are closely rebted to the Hall cffecl. Tlitw new e erts 
all have to it» with the liroilucticm of a jccombry circiibr cwwn 
in a meiallic disk when a primary radial current U seW throngh d. 
and the disk placed in a mngneik- field iH'rpaidicglar to »t^ 

The otilv nwtal in whidi Corhinw was able to detect any ot i 'cac 
effects was hisnintU, iMfritajif gwiag to bek bf seftsinveiieis in hin 
meihoils. hut more probably li«aii« lie wfcms to have 
take the precaution of |ircventiiig circular ctirreiH* in » parallc < <s 
nsed to lead ibe radial current into the disk under mveshgattoii- 
nicse circular currents would produce an effect which would large y 

balance the effect soitght. i - 

1.851 year Mr, ata|Jiiian and 1 * tncasiued this CorhuMt effect ni 

twelve dWerent metals, lit two other tiicials. tin and ainc, the 
effect was too small lo measure. The method of measurement con* 
listed in tnea^nritig Uie curtein in(hit(.-d in a coil of wire pl^ed 
IKiralkl to file disk when the radial ciirrmt was rcversetl about 
t wen tv times a second hy a rota ting commutator. 

The result uf itiese mcasurenienls showTil that the circular cur¬ 
rent C, producwl, was pntiionional to the magnetic field. It, ami to 
the radial cuitciii, t, or 

C-=£t///. 


In the magnetic metals and in hi^muOt o mat constant hut it de¬ 
pends on tile magnetk loree. In all the tuher metals tneil a apiicara 

in In; «instaiil. ^ 

In orrler to comiiare this effect with the Hall effect, we may 

1 i>kyt^kztthfhr ZdtJiMft XUh ^ 

1 Phil^jt^fhirnl Majfuzinff. XXVHl.s 
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that the effect of the Tnagnctic field is to produce an electric 
intensity at right angles to botii the ntagnette force and to the pri* 
nwry eketriq intensity, and proportional to their product and the 
sine of the angle between them. This we may lake to he: 

where V stands for the vector prodiiCL Applying this to the Cnr- 
binn effect in a circa br disk where r, is die cKternal radius and r, 
the internal radius we find: 

i^kfr ’ 

where f is tile whole radial currein, k. the specific coiiductiviiy^ 
and t the thickness. Tlieti the transverse electric intciisiiy b 

stkir 

and the whole circular current! 


^ ^ I'lE 7 ‘ lU. 

2^ fi 

Therefore the constant a b e<iua| to (f/iij log (r^rj) 


C 2r 



Wc may now make liie same hypothciis about the Hall effect. 
Here it is knowni that if a current / flows through a lectangular 
.sheet metal of kn^h /, b^adth K and thickness i, there ts a train- 
vcT« Hiffere/ict? oi poientbl given hv 


i 



R Iwing the Mall constant. The Ifantverse clectnc miensity is tiow 
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and thus the transverse diferenct ol [wtential is 


c HI 



The constant f may be determined frtrni both tiit Hall and 
eSects. Experiments that Mr. Chapman has recently been niaking 
show that e is the same when measured by the two ciTecis. 

X'OW it is known that the Hall effect varies in sign from ineial 
to metal. This change in sign may be imroiluMti in the hypothesis 
by supposing that the Constant e varies in sign for different metals, 
Tlic ex|icritiiciits tliat have 1 >ccn matte show tliat the Corhino effect 
changes in sign with the Hall effect- 'Hius there ean be little doubt 
tltat these two effects are essenlially itie same, and that any ex** 
jiLanation of one effect will explain the oilier, 

Corbiiio also showed that when a disk tarrying a radial air rent 
Was placed in a magnetic held so that llte uonnal to the disk made 
an acute angle with ihe iUrcction of the held, a tortjue was brought 
into play tending to make the disk ftarallel to the field. If d' ts the 
angle between the normal to the disk and the magnetic force, the 
mutual enmgy of the circular eurrutt and the msgnetie fiidd is 

©T 

where S is the area of the disk. Tims the torque tending to in* 

* 

crease ^ h 

— sin 

OT 

Mr, Smith has succeeded in measuring this torque in four or five 
different metals, Inditdtng bismuth, and the values of r caJculatcd 
froin his results are in gtiod agreement w'itlt those obtained from 
the oieastiremcnt of ibe circular current. 

The production of a circular nirreni in a disk Ijy a magnetic 
field acting on a radial current Implies an increase in its rtsristance. 
woe. *>w*. KUL. toc„ liPv, 2te Hi imsitsrt JUKI ai, loij. 
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This idcrcasc may be readily calculated. The rate of heat \iro- 
dticUuti by the niilial current is 

i* 

2 Tkt 

By the cirentar current it is 


IwC* 

kt tog — 
** r* 


i^PJP log- 
^rkt 


the total run: of heat production is thus 

i 

P log^ 

U k' h ihc conductivity of ihe disk m the ma^etic flekf we may 
write the total rate of Iieat production when a radial entteni / is 
.-went through il 

-P Itig ^ 


4 = ”=t+f«//* Of 

ft if If 

III ihift exjiression «r is the st^ecific redstance of the irieml anil u' its 
effective spvrilic reali^iance in die transverse mnguetk Hekt. Now 
accarriing to this vieW' the re^isiancc of a cmiductoi: gtiould always 
be mercased by a niagnetk fiekl li h kdOAvn, boivcverp that witJl 
fionir meUU rioialily iron anrl iiickeb die reststature is dtcrea^ecl in a 
trausver^* nmgnetic field. Furlhcrmore, the increase of resistance 
calculated from this formula is very mucli le*s than the increase 
actually observed. In the tliought tliat ihc change of resistance 
might lie tlqMuuleni on the groinetrifal fonu of the metal Mr* 
Lculcr has measurc<I the effect of a tranfiverse rmtgnetk field on ilie 
resistance of a nunilwf of metab. tiding disks with ti radial emrrent 
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litt results are in good agreemcm with jircvious mtasuTetncuis 
mtt<lc wjtli wires and strip*. For ciianiple. in lllc rase ot hismutb, 
using the same disk that was employed to mcaswre the circular cur¬ 
rent he found, (or a ficki /J~j,oo£>, 4tr/'o=o.t6. Now r '•■nv* 
for so that r=//*=',oi. It is thus certam tJuil some 

other influence is effective in causing the iiiaitt (»art of the change of 
resistance of a tnctal in a magnetic field; it is very proluibJe that the 
fichl afiects the lutilccular stuicture of the metal. 

The intctpretalion of these rwuUs fmni tlie point of view of 
the electron theory of metallic condurtion is iiusaiisfaciury. I have 
worked out their thenrj"* assiiniitig free eleeirons in the metal that 
collide with the metallic atom* and ohtained vciy simple CJtpres- 
sions for the number of electrons in unit voUiuie and tlieir tiiitc 
between coUisioii-s. Tlie nnm1>ers so obtained arc of the same order 
of magnitude as have hcen olitajiied by oilier methods. Bui the 
difliculty of accounting for the difference in sigi* of (he effect for 
different metals On any such simple theory indicates that if we are to 
hold to the electron theory of metallic eontluelioii other forces than 
those resulting from Collisionv like those ttciween hard clastic 
spheres must he supposetl to act upon the electron#- Hie surpris¬ 
ing tiling is ibst so much can be explained by the simple theory 
of electrons when all siicli forees arc negjpetcd. 

We have seen that the Corbtno effect is, ess^iiiaUCi the sanic as 
tJie Hall effect In its measuremeitt aiicl inicri>retation the Cor- 
liino effect lias sonic impofiimi .nlvaniiigcs over the Hall effect. In 
the first place it is not necessary to Use the very llitii films that are 
required to ptodute mcasnrahte I Tall effects. And iw ihe second 
place the ahsenre of the free transverse Ixiundaries render the iu- 
(erjireimiuH of the i orliiim effect simpler tluiu that of the Hall 
effect. 

P.U.MR PlIVSICAI. LAWlVAtUllV, 

P»T?i«:u>S LtxnnstTV. 

* t'hthiofhifai .tfiijian'ar. XXVII., p J44. tuM 
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SOME EESULTS FROM THE OBSERVATION OF 
ECLIPSING VARIABLES. 


Uv RAYMOND E. DCGAN, Pn.D, 

{Redd Afril /f. ivTS\ 

At Princelnn wc have liwti using for over ten years a stellar 
Ithulonieter devised ly Pickering and similar to the one used for so 
many years to such good purpose by Wendell, This photometer has 
many \-irtues and bm few vices. It* construrtion t* *«di tliat the 
obserrer has the very comfortable conviction that nearly all the 
sources of systniiatic error he can liiluk of are lieing rendered 
innocuous by the program of observatbu. In accuracy it is ap¬ 
parently excelled by the electrical phoiftmeters alone, 

A hirgc part of our rcscatchts at Princeton ha* for some lime 
iMTcn the oUservaiiotial and theoTeticil study of cclijwng variables. 
From the licgiTimng wc were of the ajdaicin that the patient dis¬ 
tribution of Dliservatiom repeatedly ihrougliDiii the tuiirt period uf 
light-variation might very possildy bring ns severa! facts to rqjay 
us for the great labor involved, 

'Hie first star lulijeetvd to ibis process was HT Fersci.^ 
measures made during the years ir)oS-8. coinbinctl into a mean 
curve, showed at once I he existence of a secondary minimum, 0.13 
of a magnitude in ik'iitl;. and with wiiisfactory distinctness n slight 
diangc in brightness tictwecn eclipses. This latter diaugc was in¬ 
terpreted to mean that the two stars arc ellipsoidal and brighter on 
the sides facing each other. .\n asyurmetry, established tTith con- 
siclcrable certatuty in the curve of primary cdjpse, was found to 
prevail ihroughoul the entire curve, anublniitg this with the 
knoivlcdge of one conitwnent of the ccemiricity <krive<1 from tlie 
observed displacement ot secondary miniiiiuin toward the preceding 

* See Centrilniiion* from the FrinecKm Uruv. Obi, No, 1. 
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primary mini mum, Shapicy h^is rcccfitly <‘xp!ain^1 this a^rniifit?tfy 

a Pcriasit<^Ti cfFett—mi incrtajs^itl brij^htncss of ihc whetj 
nearest each other, lliere b. another fjoissihlt cxpbnatimi which 1 
shall causicicr iti connection with ihe ihir^! $tar. 

In 1909 thr write of i8:l^?S 4 meafliire^ of j Draconi.'s ua^ com- 
pteteth* Evidence of a shallnw secondun' minimum, imly *i\x 
or sevefl tmndrctltlis af a nnigiitUide in depth, displaced slightly 
toward (he lolloping (iriniAn,* rniiiinnim, was dearly iouuil- EUip^ 
ticity of figure and cxcltifige of radiAtign were Again ilenHStisiniledfc 
Tliesc two ciTects liavc iKJfmnTmnd.intly verified in oiher cases. 

Tlic theoretioil rqireserrialion of the oU^er vat ions q f Loth RT 
Per^ci and -s Dracnifis just at the bcginniiig and end of i-clipSfi it a 
little ujisat ip facto ihcoreticaJ curve starts lo drop more 

rapidly than the nhserved curve. Thh h (joftsihly evidence that the 
stars are darkened toward the limb^ikc the sun. 

It was hofjcd that the obAcnation^ of Ophitithr would nni 
only demonstrate the existence of dnrkentTig toward ttic limb but 
would determine nfiproximotely the decree «t ilarkeninK- But 
darkening scem^ to lie very eloiidvc soineiimcs^ 1 h^ observed 
secondniy^ minirrrufn is bareW deq? contigh fur lUe iiniforni solntiun^ 
and a darkcJieil <Adtition fcffuires a sLill greater depth. The well- 
detcmiTncd primary niJiiimmn is strongly asyminetricAJ, The inicr- 
mdiatiPTi effcci is aliout the same n$ in the other two sinr$, while 
the ellipiietty is much grenier. This latter fact when cotisidcretl 
with Ihe anfcidjiation that the dlipiicity effect would in this case he 
too small to detect—on account of the large distance between the 
coni(ioucnt stars —is somcwliat disconcerting. Then ti:»o ihere are 
several welbdctlncd hollows in tht curve—a conspicuous one just 
after priuiary and anolher just after sccondar}'—and a long stretch 
before secondary wben the star is much hrlghler than beiope pri¬ 
mary. The only satisfying method of solving the curve sermetb 
therefore* to 1>e a least s^juarc solmion of Ihc whole curve—a pro- 
cttlurc hitherto avoided. The tmal tluNiretical curve, rcprcpcntiiig 
oitr present knowledge of the causes of light variation of these slars* 
is the result of the soluiton of foiiy-two c^juntions with seven 

s See QinlribiLuiefti tram the Princel&n TjniV- Obs-r 
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unknowns. The: probable errors are oi saiistactory smaJlness* con- 
siderini; ihe aniotint: of asyTl1^lei^>^ 

It seoiis tn!«ssary m tlii«. caic to face the fact of asyramctr)- 
iiiillinchiiigly. The secondary nuniinum no cvitleiicc of aa 

ecccnlnc orhii and cht coii^ei^ucnr possibility of a magtitfied peri- 
astron effect, Hic most conspicuaus asyninielTy « a heater bright- 
ness frOiH midUJe of primary eclipse throtigh ro secondary tlmn on 
the other side. A sine temi of Ihe first order with an ainplilude 
of tlirec himdrcdlhs of a tnagtiiiude lake> care of the greater part 
of this. The cxislcMce of this sine term woulil prohahly mdicale 
that the advancing side of the bright star is hrighlcr than the follow¬ 
ing, if such were tlic case, that the lost of light thtriiig the early 
stages of eclitfiw—wlwn the brightest part of the disk is heiag 
covered—and (he gain of light right after totality would hoib he 
more rapid than would he tlie case if Qip disk were iiitifurudy hright, 
as was assunicd for the least square solHlion. The flivergencc from 
the tlieorcHcaJ ettne of the well observed brunches of primary 
ttiittitnum is hi this anticipated direclion and it is of abntil the right 
amount. A similar asyriimetry has alreaity been remarhed in the 
curve of RT f'ersei and is pruliabty also, at leaix in part, due to this 
cause. This stiggested explanation is of course not new. but ihe 
cvirlcnce is a|]ip.arently strong that the advancing side of the lirighter 
component of some Algol variaWti is brighter than the following 
aide. After thh sine term is mnovetf from ihc curve of KF 
nphiuchf, there seem to he other changes in brightness of an amniiitr 
small hut scMtimgly guanmtecd hy the prohalile error. 

In the system R'i' I^crsei, one star h one and one third time an 
la^e and five times as hrighi as the other; in e Dracotus. one star k 
tlunccn lime.'! as bright as (he other but just alajui equal to it in 
si«c. Htc eclipse i.s very deep mid nearly total In RV Ctphiuchi 
otic star is twelve tiincs ns bright as the other hut snialler, Tlie 
hrighiersiarTs entirely hidden la-hind the fainter for al«.ut an hniir 
nte two are farther apart lhan in the other two systems Wt 
they are afuarently itnicli more dongatmi. 

During the seven years since conqpicting the light-otrve of RT 
Persei I have observed through an occasional primary minimum 
both visuiUly and pbnlogmphically. Recently 1 have observed two 
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^ccondan' it^inima. Tlie ccJipsi^& ar<= mjw commjj over forty ttiiiiiites 
Girlier lhaii *Jn;y are pmlicicil by the tlcniefit^ UctciTtiiiietJ frooii the 
orifjiiial series of oIjitTviitions. This Is very siitprising iti view of 
the accurac>' wkti ivhu'h the dements were determined. These de¬ 
menti were fldeminitd mainly from a large mimbcr of well dIk 
served niinii^ia gTOUp<rd quite closely two ejioch^ aiwut yoo 

periods apiirt. If tlte lime of eclipse is fixed by the observulSoiis 
within a half-niinuitc in each of the^e two regions, tlien the |ieriu<l U 
knonT> to nne-tctiih a second. In cases where t>otli brandies of 
Lite mituunim were contimtonsly observed it seems iiordly possitile tti 
change the observed time of any in dividual minimum by mote than 
one or two fniniiLe!f^ atiil _etill rq»ref^cnt the ol^srrvatiijn^ closely^ 

The phott^rttplnc rei^jird of RT Persei, gvncronsly furnished tiie 
bv I^ro feasor Pickertug, showed that :ii -—7,500 P* or years 
l^efore the zero qweb^ the eclipses ivcre alwjut too miiimea late, The 
average period^ iheUp is nea^tly a whole second shutter ilian the jtefiod 
determined from my original series of otjservaiion?. Hi is shorter 
periiKl should have cutised my obscrveil miniina to run oil Leh 
minutes ftom the predktionjj during the interval of 700 iKrriwb, 
This li Intolerable. Iksidc iny oW'ii observalion&. there ate a good 
many observations by Wendell ami sevcml by Grail available. Of 
cpiirse ^ single estimated phoiographfc magniliiile is not nearly as 
accurate for detvrtnlriing llie tiiile of minimum as ;i senes of photon 
metric ol^scrvaiioiw right throtigh the cclip^cL 

Making now the correction lo the shorter* average |jerltii!i I have 
plot ted the new residua!:^, inid find that two pcmmlk terms, one 
niimiug il^ course in Jl:ijooo ectipse-|icriods, or 27* j ycarnip the 
other in une-tlurd this time, or 4^000 i>t?ricKl^, with cocBicictiis of 
uvdvc and five minutes res]?eclivch% guiug ihrmigh their seem vaincs 
on Lhc tip grade together, fit the observations [netty well The 
smaller period U of the order of maEnitude of that tn be expecicd 
from the fevotulioTi of the line of ajj&idts caiiied kry llie ohserverl 
proJaloicss of homogcnctnis stars, ^^lc ampUnsde is of lhc siKC 
to lie expected fmtti tfic smallest value of ihe eccentricity tn accord 
with the cibserv«l plilit nf secondary miiiiiimiiL 

The tmporiam quest ion, and one which is difiicitU lo answer, is 
ivjicther the Ume of Lhc secondary eclipse slmts in either of these 
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p«rio<is. Ttie revoliiticm cif tht: line of apsides gn ihe $honer period 
would cause ihc time of tetwiidiLry aunimum tO osciliate back aftti 
foTtfi to an extreme of ten mtmiiea Iwfore and nfier tlte midway 
point hetneen successive prtniaries 

The evidence is botli scarce and someivliaL uncertain. Tile en* 
tire secondarj' ellipse aniounts to a drop of hut little over a tenth of 
a magnitude. .An isolated photographic esiimaie os bright ness ts- 
of little value here. Even from a continuous scries of photometric 
nhservationa, Jt is difficult to fix on the time of mid-cclipse withiu 
several tninutta, Jty own ohsetvatioiii, weighted according to the 
apparent certainty w ith which they determine tiie time of mid-eelip«, 
indicate rather strongly the ahift in the time of seeandaty csriipse in 
the shorter of the two periods. I'ht few observations by Wendell 
do not furnish any very strong evidence for or against thL* reaulL 
In no case were his obsciwatioas eairicd throligli l>olh hrandies of 
the eclijiHt. and eoiisetiuenlly they do not determine the time of the 
eclipse with much acniracy, W'hai disagreement there is, is in the 
same direction as in Otc observations of primary eclipse—for tome 
reason the Wendell times of ectijisc are nearly all earlier than mine. 
The evidence in tiand at present jioints to a revolution of the line of 
apsides of RT I’ersel. I hope to observe oeeasiona! primary and 
^ccomlary cniiiima of this star ihtring the next lew- years, 

As a bl-prodticti I have determined the photographic curve from 
the Harvard oliservations and compared it with tlie visual curve of 
primary- minimum, Accoruling to the olijervatioiu, the edipsea in 
the two regions of the i^jcctnim arc of the same duiatfoa and the 
same depth, but the curves folbw tltffereiit paths. Thi,s U too 
strange a result to he taken very seriously, considering the paucity 
of the phoiographic material. 1 have, however, one mimmnm w hich 
I observed through a blue color screen made for the purpose. 
Through this filler the siinlmum Was oliservcd about 0.15 magni¬ 
tude deeper than wilhoul (he fiUer, So I conclude that the obser¬ 
vations at the bottom of the photogniptiic curve, wliich arc few in 
number, are to be disregarded and the curve cxtcitded to the greater 
depth given by tJie color-screai observations. The difference in the 
character of the two curves indicates that when one star U in great 
p:irt covered Up, the light of the system is more reddish tiian when 
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ihcy hoih sbine ondinituctL EjUurr one siar w redder than tile 
other, or ihc eclijwt ^tar \\ redder imvard the limb ihtm at the 

icjiter. 

* I>ns«}iiis has Ijcen au ci^itaily iiitercftinf Tlic aver¬ 

se iHjriwl U tjiiiie a iittie loiigcr than was siimio*ei Some time 
ago it shortened up Ti’ith great rapidity* Tlie top and lx)ttom of 
this sharp dectiiic are well determined by o!rsetTalrion& frnm ijiiiie 
A variety of saurets. Tlie two sine tcniis combiived in this case 
have periods of 7^200 juid 2,880 eclipse-periods and neatly the satno 
coefficients aa in RT ["ersej—ten and lour miinues respectively. 
Hie probteness ^d ecceuirkity of j Dracoiiis are about the same 

iUo.<€ ifetermincd for Rl" Persei. 

Tlie seconder)' minimnm of Draconis is only 0^06 magniuido— 
half as deep as that of KT i*ersei; the (ibservatlnru oi the secondary 
uiiiuminn ^re few and were atl laken within a brief interval, aJid 
they furnish very Httle evidence. This star must also be kqic tinder 
frrqucfjt observation. When obscnniig this star with the ^3-incIi 
il miiiires a itelerniine<) effort to sec H: aJ all when in the middle 
of its deep eclipse. 

The greater depth of the photographic eclipse comes out very 
nicely in ihe case of s- Dmeoni-s. As liie eclipse tii^rtHseSi the light 
fmm the star becoifies redder and redder. Ai deepest phase more 
than hair itic light is known to come fmm tli£ fainter star.. It is ap¬ 
parently mucli redder than its far brighter companioitp a fact which 
h ilouhtless to be c^cpccied. 

lastly* in reducing the observations of RF Opiiinthi I found it 
necessary' to predict the minima with a sine lerm of about 1.600 
periods, and of smaii ampliiiiEle. Tlie photometric hi^ory of 
Ophnichi is i^hort and incomplete compared witli that of i? 7 " Persei 
and s Oracoiii^H and no concUisioTiF cfin safely be drawn from this 
result- 

Pkiscetok VxivtMsrttt. 
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SOME PRESENT NEEDS IN SYSTEMATIC UOr.\NY. 

Bv L* BAI1£Y. 

(Hreuf .^^nf 

If uti etli^r were lo survey tlic families ami genera aiul sjwde* 
of rite vcgerable kingrlum, tie would find himself niatcing compari' 
Kwa and drifting to concltisiuas rcBprctitig Uie ebaraictjcr oi the S);' 
icnuitic work and the wortli of various wntribuiioit}. Many of 
thciic conclu$ioi]5 he might not lie able to analyse. They might lie 
very mtich in the nature of tmpredsiuiis, and yet they uiiglit he felt 
.Ki stroiiigly a^ to he runvictioiiA. It is a vast field tJtal hb oversight 
would cover, and the baics of comparitKRij would he of the most 
various kinds, yet the convictions in very many caiies wou/d he 
■concrete. It ttiay be well to consider for tin* tnonirnt some of these 
po^ihte conviciinti-v, of cotn'^e in no spirit of ctpttousoess, bm to 
bring other poiinji ot view on some of our comtnon prohlcm^, even 
though these [joliits of view may not ahvays be otuthle of direct 
application. 

\^er>' likely, fiii; first feeling w^ould be a couKcioi»riv,‘:s of the 
great variety in the nielhoils iif the nitmograplts. nic syalematic 
work is rapitlly sperialieing, and the ipeciatists make their own 
criteria. The result is a marked diversity in the work, which 
all the effort* at standardiicatiuti d«> not very mueh control. Prob¬ 
ably, Bentham and Hwiker s “ I’penera Plantanmi “ is the last of the 
comprehensive works to he lirought to a compleiinn by a single 
perstrti or by two Or three perjums working as one, 'Hiis is suc¬ 
ceeded by the editorial work of Kugkr and Ptnml in “ Die Xainr- 
lichcn Pflamcnfamilien," and later in more itctail by Engler in '* ihta 
PflansteiireichEloras of countries anil rqpons lend noire anti 
more to lie constnteted editorially, with coutrilmtions by specialisis. 
All this results tierlmps iq closer work in the speetolLies afid the 
details, bill it may lack in coordination and Iti the hataiii ing nf the 
iwrts. 



iLMLEX^KEBn^ IN" SYSTEMATIC &OTAKV. ^ 

Prt>lw% aJl iJie larger coDcIiisitins hy oiir hyporhetical editerr 
iTOiitJ tie derrvaJ frwn this gCTS£?rckI sitmtian. Xo longer dn we 
have thi: cofitroUiug atidtority of one man, holding ilu: work steady 
and Jiiainiaming a hninc^criFon^ method. I well remember a re- 
TTusrk that Asa Gray made abowi his Con^posii^e, op which he had 
worked so long and so loviiagly, seciiig t!ie end of hb- thne and fore¬ 
seeing the change of hi* methnd. 1 retiHaTiher also that in thosic 
days I wa,s sonwwliat violcnlly inie reined in tiomencbture and I 
proiwsed lo |nihltsh on iti bni Gray gently dt£5nadc<l me: it w^s 
Mine years l>efore 1 nnder^h^d why. 

A SrTUATtO^ IN XastENCLATmtE. 

In pru[jortJoii as w'c lo.se the jniliience of a ^tingle coittrolling |>cr- 
snnality, or of a feiv personalities wnrkirig in an understood har^ 
moiiy* do we rtaori to nrhilrary and ccinventioiLiJ mt^Lhods ot 
codification, Thi? \m \Kt\\ illustrated in the convulsioiw in rvomen- 
cbtnrc in recent years. In this cotmtryj, for example* with iht 
passing of Gfavi w't he?gan to give up the combinatinii of tw^o words 
as the tiamc of a plant, and to suhstimie the oldest sjiecific nunie 
brought down ihroiigJi any number of genera. Intrinsically, one 
method in as good asi the oilier* bin ivc sought to arrive at uniformity 
tjy rigidly adoptbg one of tliem. A train of difficuUie$ his followed 
ihi^ and other innovatlonfi, atid in^imd of finding otirsdves lo fttit 
harmony nf act ion. vvith oite imifunn pracrtice in uomcnctaiure. we 
fiave tw-o or three or sevcnil praetkes, ;in[l to a consjdefabit extctti 
each worker making hi» own. The present ^iluatinn in nfimtn- 
clatnre 15 a vivid mugiraticFn of ihe failure of arbitrary means of 
standarditalitiiL The siiucUion also hai* a social siginficanrc, as J 
shall attempt to suggest. 

The probability i^ that we slioidd have arrived at our dcsiiiiatbn 
sooner and ividi no gT^te.r eonfasioti if we bad alio wed the sitoa- 
lion ti> ^vork itself out without format rcgiil,itiorn reiMgnking ntone 
fully the principle uf usage which in the rnd controls all language. 
We have probablv nuide a mistake in endeavoring to subEtiliUc 
arbitrary priority for siahiitly; al all cvetilSi we might have s:iv«l 
fpiirsclvts the very amusing excrei^ of upset ring a ire! I estahlij^hcd 
name for rhe purpose of siihstiluting an older name in order that 
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w« migtiE make ilte stiiblc. It looks now as tl Usage were 

after all to control in the ciul, atid {ti ^nc rcgaub (jtiitc iiulrpend- 
cntly of arhttrar}' regttlalkitis. The principle of nnileviatinp prbrity 
has not ycl cuntnoltctl for ant of lime in iIjc <kiYNi]>inent of 

tangiiiLge. It is a false premise. 

[ am not now' arpiing for a retuirr lo any olilcr or prior method, 
nor ui dtaltcnec ot any current practice, atlU Cdtainly not in nitt- 
cisTti of am group of workers, fitr we jltall probaMy outgrow our 
iTonveniionalities sooner hy working with them railier tluin against 
them. But I must protest, of i have protested many times tie fore, 
against tiie a^sumjition tliat the names of plants belong lo botanists 
to do with llictn as they wjU. Tliiii is only anuttier way of saying 
that these latiniaed names, of plants are rightitilly a fiart of language 
and are dcrt mere fornnil® or symboU to be used only by insiders. 
\\‘e desire that the public shall use this language- publish uiir 
mauiials with thii pnriMse. We try to iniikc pljuit Iwoks simple, that 
they may lie [Xifiular, Wc take pains to spread the knowTcflge of 
plants and thereby to promote tlie love of nalure. Tliere ,ire thoiW' 
anth of persons who sell plants, and the names Itecomc established 
in trade and represent cornntcToial values, Tlicsc valius cannot Ik 
shifted readily from name to name; and if one makes a plea for 
correct nmnenebture in pintilsmen’s eatalogues and lists, one re¬ 
ceives the reply that it is scarcely worth the white .teeing dun the 
names change so freifuently. The custom of diifting the names tS 
imdoiihtedly directly resiinnstlile for mitch of the di-nregard of new 
notnenriaturc on the part of dealers; and wc must rememher that 
the use of these kinds of names aiiiong the fieeplc H proliahly pro- 
motetl more hy the plant tleak-rs tliati hy the boianisis. 1 jinlgc that 
the hotanisls liave not yet sticcenlcd in securing the active and free 
cooperation of this great class of picoplc. 

Of course we arc to nccogiiiav that much of the change i» in¬ 
evitable, that, In fact, it is a consef|«enec of new and closer stniUcs 
of the groups, resulting in a clearer understanditig of generic and 
specific llmilattoeis. This is a contribution la ktiowledgc which 
everyone mtot accept. Bill there is a class of changes which dives 
not have this yiUttificalion. T am conscious, in making itii|uiries. 
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the fim thought uf soni^ fKtrticuliTifit^ to be a ilc^ire 

to see whether it is possible lo chArtRe the luimes. 

Nor am 1 yet ready la leave tkb subject. From a iueccisful 
anil sincere public lecturer^ who 1 $ trying to lead the people to o 
knowledge of animals und plani^^ I liail a reque^ for aid containing 
the sialcmcJit. that he could dcvc>tc oriy a little liciie ilaily **tcr iti* 
study of Latm and 1 want to get only it ^ufficictiE knowledge of it 
to cnnlde me to know why the gipsv niotli is calkd iPorthe^tiit 
dist^nT L,) and whether R^fhamity riisph^nistnim means a plants an 
1051^:1 or a tribe of elqjhanLft,'^ Tlti^ person, f>f course, had not bad 
a college tmining in rhese pankiilar subjects, but lie h not ignoram: 
or mat cent ive. He writes that be b^s about 2,000 bulletins, many 
bound volumes and a special eydoficdia, nearly all of which material 
b ctassihed, using a card-indc-'C. It lins taken a tql of werrk lo flo 
this hut as I can spare from farm labor only alwut an hour each 
day for sludy 1 find the index i$ a great Inpo saver liy showing me 
just where to rnid wdiat i This rail will acooinphsh siuicb 

with his mclhmU of contact. But consider the position of this man 
if to a conipljcatcfl systetii of noinciicbluTc we add a cnnlitiuous 
tcitdcjjcy to duinge; and 1 think it is fairly our ohligatioTi to coti- 
sidcf bis position. 

When we fed within us I he d^ite lo change the names of 
genera and groups^ let us think well of this man and his carcliiJly 
considered hour— what it would mean lo him tn cross-reicrenrine. 
in indexing, in the rc;ni|ustmg of {ns work. If \i k lo bring new 
knowledge ihat we caanoi so well ccoord nthenvise or intli^iKmsable 
dcfinitintiSt very gocul; hut the burden of proof alwiiys rests on tlie 
new name. The w-ork wiih nanie» is lascinatlng, even raptivatitig, 
and every change identities the worker tvlth it; bwt We are not to 
forget tliai some of tliis work is likely io he of ibe kind thaL iii 
ulJler iickis, iniglll lie calli^ [ledanlry. 

Bear With me further while 1 call jour attention lo the fact that 
we are not only ebanging utir plant names \vitb apparent disregarct 
of the user) of them, but ihnt we are also making Ibem more com¬ 
plicated 1 I'o the numc nf tlie filanb — genus and si>ecie5,. — -we add 
tile ;jntlioniy. We now omit the ptiiietuinioii and thctebi! make |hc 
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iiiithuT ill irfFtci ^ iijirt iit ibc naint. When lll<^ c£ifrnhf3Ution of two 
words was hdd m constlime ihc name of a plant* liic aiiLhor of 
die comlnnaiion iva^ snBident for hlriiiili^adoo; btit with ilir jingle- 
word systein We carrj'^ the airthor of belli the original specific name 
and of the new CfimiitpntiiTiJ, and the whole hcccnti^ Hitiicthing JUcc 
a complicsietl fomiuln. Tlib b a £omaiictire to the wnrker with 
phm names, hut ho h not the only p^triy canccrnc<I; ncctk oiay 
lie served in die eiojiiou of the >yimnt?my. ohiigaiioti lo the 
pwhHe h to pfeseni the simplrjt jKi^-^ihk H4ime ^nd the least in¬ 
volved. If the history h lo i»c retained in the iianie-coitipoiiEid. 
where nnay we not stop and liow^ cumplicated may uur forniiila; 
firiatly become r We may in time cvolive a phra&ei'di.igy, nr an :ilge- 
hnnc form, as CiTmplicated as some nf the pre-l*,.irinpe 3 ii ensLoms. 
We are really confusing two things,—nomcncljnufc mul liilili 4 Jg- 
rapliv. We should separate ritalinn Trani uoincncl attire* We have 
no Tight 10 inflict the rnihlii: with nt^r ta??onoinic book-keeping. 

There arc throe pressing ncedu in our present systematic betanv, 
as 1 yet it. One of these nee^k I have now rried u* suggest, which 
h the nrgtricy Ui fniikiftiumlt: the tiomcnclaturie ^luestion. Thk is 
specially iniporiani in a dcuiocraq^ wttere we desire to give all 
«|ualified persons equal chauee, where we arc fUp]>0BC^l lo fcrtiove 
hindrances and Etrbiirar)- ilmnmatioii liy rent ml nnthorities aud id 
allow tlie penpk Id e-^press iheuifielvcs ireety* The public lus real 
rights in die iiame.s of ptanlii Soiin wc miij^t imp playing with 
n4tn«- 

A StTt; Alias AS TO ANtJ flKHESA. 

■Jin; oversiBlu iJiat we assumed in the Iwtfinnitig wonhl umltmbl- 
eiUy diwtsver other iiUefestitig sittiatioM:. in nut systcnialic work. 
What tlic^e ctimiiariinitd might he would depend, of cotitsc. on liic 
|riirtimlar [jcrson who made lilcmt hut in nfipett to the AttiBtican 
^eofk, Willi which at the iiiymem wo are moitly eonceetrcil. anv per* 
4 oti eoiild not fail to admire the ijuality of the tnonoGruiihs and 
lesser ctuitrilmtions. Allhnugh sjstemalie Imtany may oteiipy n 
siilmrdinale place in imr tcadiing, ii is nfi-eiviug rstendve and verj- 
expi'f! altrntbit hotti from aintiletji? and from those attaellCHl olTi 
dally tci ihc great cnllectioiis, and the liubfiatier) work i» siieh as in 
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give tts miscli priile. AhHHv of a high wdjcr continues to express 
iLself in this ficItL 

\Vc hiitfc noted I tic icndency to sfwcialut E^cfsoiib hcccKme <iXt 
pert itx certain detached groups of planter become tnost Gkillfiil 
m det&ctmg the differcttccs that mtiv dittingiii^U but tt muy 

lit doubted whether ^vc are ctiuallj' skillful in l»fTngtng iiigetlier the 
agrecmcnls that may forntulale genera. Wc seem tiaw to he dis^ 
covering srparatene^s. It doeii not follow that one who Iia5 nice 
jmigment on species tiecess^arlly has auihority on genera. 1 he 
tendency tu break up our old gTyup^ many genera, is apparetiily 
the result of the applicatifiti of the siiecits-liabit Ij is a gtoal 
rpiestion u'hciher the mcthtnl of separation is the pTojver fine to 
apply e^-iuatty in Lhese two kimk of casesL 

Perhaps we cannc#i hoj^e for much restili hi the standardbEisig 
of the siiodes^onccption liy our methoils of hcrtKariinn vcovk, hut it 
ought not to be diftkaill to arrive at sfitfie kmd of an agreement on 
genera. We may w^ell ettmider ihe aclvisalnlity of Iwtng piv^gresstve 
iu searchifijf out the nltimuie J5pccific units—so far as there are 
stich units—at the same time that wc hold a conservative attitude on 
genera, for we can ^^aredy assume that ihctr arc uhiniate generic 
lines- Theichy wn might make a truthful presentation nf the vege¬ 
table kingdiim at the same lime thai wc avoid \Tist changes itt 
iiomenclatiire. 

A Situation as tci Ltvisv# MAtKMiAL, 

With the needful spcciali^aifon of the syslcmatEe work, we find 
ourselves with very uficqnal treatment in the ditTctchii groups. Tilt* 
inc^ltmlity is perhaps ibe most outiitandiiig charaeicnstk of our 
present phytographi^l |uihljcation. It is imi^os^ibb at present to 
Conipile a general wurk with any clear apprfiadi to uniformUy ot 
handtiug In tlic diflercin genera and families- This is due in part 
to itie fact *hat sonic of tin? gmuiif liavc been tccciilly worked over 
whereas others still retain a trailitional IftaimcfU, Nor is it de^ir- 
nbte that there shall l)e rigiil cosiificaiioii on genera, for we need the 
}uiigmcnt of fUlTcreni workers and this necessarily leads lo iiom 
itnifomiity: ihe specialist i$ entitled Id lu^ method; and yet Qtc to- 
e{|iia}itie$ m intcr[}reiaiion appear to be so great in many Jts to 
atiKiunl to fnliarmony and even tu confuGion- 
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Millie there is more liope tu llic ilartiUrduirkg of genera than of 
qKclei, it is within the possibilities to arrive at some tiuii of agree- 
ment on spccibc values, bnt this ii not to be expected as a resLilt 
of euiii heat ion or regulation: it must be a real agreement by men 
who are brought together on a new kind of study of a eoninion 
hue of problems. 

As I have already indicated, I would not expect or even desire 
a dead unifomiiiy of treatment in any range of systematic work, 
and least of atl in siiecies. It woulti be a great misfortune to lose 
the expression of i^rsumdity in even stich furtnal work as this. 
But tiicrc is need of a closer imdcrstanding as to the rssenfial facts 
in I he treatment of I he memtiers of a genus. If one were lo look 
over Erythriiiu. for example, one would find about 50 s^weics reti^- 
tiizcd, Miiwt in warm countries in the two hemispheres; and while 
there is much micertatnty as to the characters of given spedes. 
one would not tind very wide disagreement lietwern the different 
authors. If next one were to look on Esthjchvllsio, one nould find 
a whotJv dififereni state of things, notn ithsiajiidiiig the fact thal tius 
genus is confined to western Xoiili Amerjca. firay saw about a 
dozen stKcics in tliL, gcuits ; nreenc. with more material to work 
tm, saw 112 sitccies; and I'ctlde sees I2jj Jcpson. who lias studied 
them with care in the field, is not able lu sec a great number of 
species, aliliougli he (linlj tittmlxrrless seasunal and olher forms; 
mnl he doei not see mitcli litTpe in -wdving the Effttfcholtsui purzie 
Ly the usual study of hcrharium material hut rather by *' combined 
field and cultural studies.’* 

.\tirl here is the partinilar iiiggc.%tknii I desitnd to make in the 
writing of ibis paper,—that a few groups Ik w'Orked out very care¬ 
fully by growing the plants under observation and as far as possible 
under conditions of control ami always, of course, in comparison 
with living feral male rial. Such studies might retjnTne Eomc veara, 
even in a relatively smotl group: very good—the results ivould lie 
alt the moTc convincing. II a hall dozen groups coiihj be worked 
over in this way. with discussion of the living maicrjal bj' standing 
cormniltees of tome recognized associaiinn. we should very likely 
arrive at a.basis of judgment such as Qic present cntlecting ami tnei- 
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d^ntul field [toraiion mid indoor study of drietl malcrnt can never 
give MS, "iTie coocltifiort^,—or the [wints of vkw, if coDclafiona 
were inii»34ilile,—woiiKt tw invaluable in'ltringing cs to an iiudtr- 
smniting and therefore to a substantial agreement on some of the 
matters that are now most pcT[»IeKiisg u*. This is now the greatest 
neeil fn systematic botany. 

This means that we should now study life histories with ibc 
purpose to apply the knowledge in systematic work. We shall 
come to the end in due tune of the Inventory process in descrihing 
new speeies. A fier s time wx sfiah consider it to Iw scarcely worth 
the while to cam tlie separative process very mitch farther, and 
we shall then undertake a synthetic process of biuhling tip the forrn£ 
into s|>ecTes-vaIues. The current studies of variaiion and of plant- 
Krcedin^ art biinging U 3 to ^ new puiiU of view i it Is fiow time 
tbal we l^iri the incorporation of ih^ methiKli^ into our ’'iystematk: 
work. 

Itw ac*. n, y., 

April ^ 
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THK VARL\BIJ-: STARS TF. riF. TX CASSIOPEL-E AND 
* T LEONIS MINORIS, 

Bv R. J. MtlJIAKMID. 

.-f/'n'f j/, rP'Ji) 

Tlie iow^ Algol varLaMc stars Tl\ Ttr, TX Cassiopd® and T 
Lccitiis in oris have Ixren under ubsemitlnn ihc writer lor the 
last three years with the ixdaririiiR })lintorrteter alladictl to itie 
33-iiicli «iualorial of the PrincelOH Observatouv 

ITie lutal luinilvr of tiiCiistiTi's Tliatle on the four svstems is over 
,15.000, ilistrilitited (miong (he four stars s& rtiTlo^-s, TF 
Tii i 3 . 7 -^< FA 8.486 atui T T..conIs 3-7^- The light curves of the 
tifsl three are well defined while the ohservatious on the last system 
are not v> euiiiplete. The licrinHs of the light vartatJun with the 
exception of 7T' Cass, hctve been rleternttnecl frorn my visual oh- 
servations comhiued with photographic measures fciitilly scot me by 
Professor Pkkrrfng, of Harvard. 

Tlie systems will he rliscijsised in slightly dUferettf wtltfr than 
the aliove, the more itiijiortaiit left to tlw Iasi. 

Tlie System TW Cass, tias hern olJSen'Cfl hi other asiroriomers, 
and notes piililishet) [ironnimced it as irrei.'tilar in ils s^isition. tiler 
Zmner found it rcjpdar in its variation <unl of the type with 
a iwriod t-* to” 16.6". Front the rlisetls«iijii of the Princeton oti- 
servatimi* I fnuml that the fieriod wns dmihle Hie published j«ri«l 
and tnrteafi of one cc]i]»w there were two differing hy 0x15 magni¬ 
tude. The tloiiblc period is confinnrd hy the three observed phe- 
noitidui. tst, ihe difference in dt^h nf the two mimnia of 0.05 tng.; 
.Jd. the tnicrv'id from primary cctijisc to sccoiiflary is 7,8 mi mites 
longer tliaii from s^ondary to die FolTuwing prinuiry; jd, the 
lirimary eclit»e is 36 mirmtw longer in dnmlton than the secondary. 
It is from tlie Inowleilge of the List two facts ilia I wc arc able in 
determine Imth com}x>ncnis of thcoccentrictty—the itiiantiiks c and 
(loughude of jieriastronL 'Hic (lertml is\i days, hours, and 
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33,6 uiinuLei anil ttit iwcj Ci.i1ipsi:5 have a dqitli uf o.^ n\g^ and 
57 TTi^- rcRjiecrSvely. Ftoiii a diicnssiofi cf the light curve follorw- 
mg the theory as nttUmefl by Profe^^r Rqpsell in A. 5 \ 36, i 

tt^nks ^vcrc obLutned giving the dimiafiitoiii? of Uie sysiettt in Icniii 
of the radhifi of the orhit. It was fnmid tkiii ihe two sitars wt:re of 
nearly She same ^sre and had the same surface brightness, 

lit the case of T Lconis Minorf;^ in Cass, w^e bave ttvo 
niiniitia. they are however of verj- diiTtitent i]q>tb, the jirimiiry 
having a losi of ^46 rrEagnUtitles whik- the secondary has only 0.05 
mognutidcfi. The jienod is 3 days, o hours. 2S niin., and jS^ 
and is accurately known. Conihltictl with the vtsnaj idj^en^ations 
f have iiEed the HarvartI phritofiraphic rpcnsnres as far back as 
iSSp^ and Jiave been akk to establish a clcllnalive |jcrit>iL Tlie oli- 
servatiotts are not so complete a* in tin" OlliiT systeniSp the lenjtth 
of ihe ]jeriwl being so neirlr three days: also weather conditions at 
special time? have entered largely into ihh. 

From a ^rtudy of the light curve along the lines of the ecUtKilttg 
tlieoiy it lias liecn found that ihe ^tar? are nf nearly ihe ^nur sire 
hut arc very iJiffcrcnt in surface brightness, ibc raito being i ; fS; 

Tlte third system TF Cass,, wiitw period, 30^ u p, Iia* 

long lieen knowti^ having iieen uh^enrd hy Asdihnry and V^ciidelk 
waji pUicecl under ufj^Tvation in r»ctotKT. 1913, al Dr, Shap!cy*s 
suggestion. At lhai lime noihing \vas kuowii about the secou/kry 
octlp^e^ From my idwervatitpits if ivh-s found dtat a stvomI.ir>^ 
cclifi^c af 0.09 magnitude iltd really exJstp eEiming 21 minutes licfore 
the lime of niii.1 jmrtcid. TTie orbit of (he system like that of Tlf^ 
CiLfii, h eccentric, hut in Ihb cai^e the coiii[M'pncnts of the eccentricity 
can not \k sej^iratefl. 

Ill the two imnious stars it was foimd from the light curve Ihnt 
ihe ?,tara were of con^timt liriglUtuNi^ between eclipse*, 7 "he light 
curve fti TF Casn. i* Munew-hat dilTerciil as there serm^ to lie a 
gTWfhial rise 111 the curve between primary ami 5^*coTuIary eclipse 
which correspniuls to an mcrcase m brightness of the svii^teiii- The 
explanation that the rnchaihui of du' bright star \m the side of the 
fainter one as. the>' approach the rfme of secondary eclipse tends to 
brighten it^ surface and thus give rise to the phcuoiucnon observed 
in 11 le light curve, Fmm ^ stmly of the light curve it w*a4f found 
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that i\K fainter stut hviee as bngtii on our side aj* Uie oilier. 
The stars are nearly equal in size Vi’Uh a ratio or surface bn^hoicss 
of *^5,5. tn this system the depth of the primary cdi(J^ K koS 
magniLiidr!i and its durntion -1 tittle over 6 hours. 

The last system^ TX CrLSi.v ts tlie ntosl iiilcresltti^ of tlie fuur 
stars treatcil ltcre« U ^'as ^nnotmeect s^itie years as being ^ti 
irre^tar variahte; later ifs period (siven by Zuiner vrith the 
note, that the period vea* prohaldy ehaiigiug. Ii whs "[lartly on ao 
count of these puldishefl lunes ttial n thorougli ?tndy of the ll;^ht 
curve of die star was curried out. t^wini; |o the nature of ihe 
vurintioii the star lias proved to he a diffietili system for photometric 
study. The eclipses, prsTnaiy' fifirl secouilnry, whidi utidergo tk 
toss of light of 0.54 and 0.33 mapiitudes rcsj>ecti% ely and List over 
18 hours* sue dSfheuh to ohj^rvcp in fact it is imiH**5Siblc to obtain 0 
complete mitiTmuTti on any one night even during the long nighty of 
a'lntcr. live TTarvartl jidintiigarpliic meajare& liave ag^iii proved 
tn U' of extrtine value and by combining them with ihe vi^uiil 
ohservtttions T was aide to e^ulitbh a defiriitivc pcroicl* Tile |>eriod 
IS 2 dnys^ 22 hours, 14 nim., and 41,7 sec, 

hi the systems so far iliscnssetl the stellar disc was con^itlered 
of uiiiforni ^nrhiLc brightness. AssuJiitug this ro lie the case with 
the system TX Class, it fniiml tliat the observatsnris could twl 
tw refjreiseiucd at ntl KiTisfactorily: tlie devLitions w^cre in many 
cases three times the prukilile eirnr. On the cither hand assuming 
i!ift stellar discs to be similar to the sun bright at the emer and 
decreasing in brightness toward the cnigir, a very salisfartnry rqirc- 
scntaiion of the nti^erviitioris was found. 'Ihe h>qiotheab of dark- 
i.uied discs seems to be the correct one it is cotilirmeil hy the 
nature of tlie eclipses: the secondary' ecUpse h tnttil 'ivith a emist^trt 
plwflc of rix hrjurs while the primary^ ccli|>sc has no csitistont phase 
and the airve h fStstinctly miind hottomed show ing that the varia¬ 
tion is coyniniious. Tins coniJition would eskt wtUi darkejieil discs 
ill case of an annular eclipse, ami jiiiice the wcondory is tola! mir 
nrimral and legitimate cufiduainn is that the primary Js annular* 
The system TX Cass. scem& to olfet very strong evidence in sttp|>ort 
of dark citing tow-ard the liijiii in stellar wslcrus. 


r^Tfi UcDIAKMIII^VPORTABLE STAHS. 

The n^ht bei\^‘Wi cclipw:^ dot:$ not renmin conitatit t fclic hglit 
«n« b di&timily bowcU up, sbowin^ tlic ^'irs arc dlipiical in sliciFe 
an(J have their grcalcs^ Imghtrici^ when we ^ them broad <ule on, 
Tim ifl the eonilition midway fwtween eclipses. From die ^nuly nf 
the light cim c Jl was fattitil ihat the stars are very diffcmil m siae» 
with the s*iir> nearly ot tht ^aittc hrightne^ liavintj a raLio of i: 1,5. 
The cUipiiciiy 01 the stars can tiesit be their ilwnen*^ 

sions Ktpf^cii in terms of the raiUiis ill llie orbit. 


yttporAj.* 

ii\g t^lar .. 

Sm»U ftar -- - 


The starA hi this iiyatvni arc very dose logethcr* 




AN lNTEl«PRliTAriON OF STERIUTY IN CERTAIN 


Dv E. it. EAST, 
ijifai Afrrii jj, 

It ts uhvjfHis thnt it is Inipossililt; InYtrsirgAte iht <itu$c of 
^enlitv in hybrid* by tin; pmligrec culture nurthcicl when auch 
ilerilily is coiiiplett;, OtTcasionslly, liowcvci', one fintU liybrid^ 
wliicli arc not wholly sterile. Pucli iuhe case in the historic cross, 
Nic0thti(i rusticif L X A'fVcIraBa ;>(ipnVidiifa t- This hybrid holds 
an enviable ^Biliun tit exp>crinietiliit Itniany, Biiice it was lire tirsi 
artificial hybrid to !« ntudied. It was iriJtde liy Kolriruter in tyfio 
and ivas sliultcd by him for several years liy means of hack ctosbcs 
A vith each iwrent. 

This ems* T repeated in tt)og, H-sitig as the iV. rHifiVa ;*arenl a 
small variety N. nirffro htimilis Coiniu oiitained frnm Ur. Conies 
thmiigh the kindness of Or. D. G. rairchitd. h has iiuw iwcu 
studittl tUrotiRh five gcnemtiim.< liolh k the (icld (general inorplKik 
(^y) anil irt ibe ialintTitcpry ( hisiology and eyuilogy), The cisen- 
linl ]Ktiii1s noted, as 1 see ihcm, nre as follows; 

Tino species giving cxircmely unifurtn progeny when sclfcil 
have, when crossed, given an inierttiedialc F, iKipiilation an uniform 
as Iheniiieivci, and an inordinately variable F, population. 

The gomtiimriaii of F, senls viiries in ilifrcfeiit samples from 
JO to Co per cent. 

Prartically no two t'* phnt.v are alike, aiifl ihc parental forms 
are recovered once in every too to JOo F. plants, 

In Fj, from i to fi per cent, of the J gaflnrte* arc functinnal, It 
is inipossajlc to determine the iierccutagc nf viable gatnetes formed 
fruni the iwtleii molher eeUs, but fmm j to 6 per cent, uf the 

« imppHithlr lA reiiriKtaer the phpHfgtsijilif «(inwii |iy ntrant of iaa- 
tttn diittii, bat an il)niir?<i<iL (mj«r Eivinfi thp dvtaiU <i( ilir mveitnnUiun i* 
10 He imliliibed ibert ly. 
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ymllen found is* niorpUologicnltjf The irKiUtration ilifiktilty 

in 3in:rma(Dg€nesis ti largely al the firsi j^iKfrnKitocjiedivisKin. 

F, plains are as fertile I'iifir sr ai in haclt crosses with cilhcr 

IKirent. , 

ScBTegatinn of ilcternMncr* for fertility occur* m F^^sothat hy 
rcctunhniaiion some jperfectly fertile plants arc oluaituid iu F». 

Nearly all fertile F. plants sdfed give only fertile progeny. .Oc¬ 
casionally a fertile F, plnni wiled imy give a slightly nno-Fertile 

(laughter. ^ 

Nutiierou* combiiialions that shouW he possihle in J', are ciinitictl 

in the rojrtllation oblaiiietl. LViiubinations apprcKiching S. rnrtiVa 
seem to lie more freipnftii than thfise apiirtetcliiiig A. pufitViffiita. 
Many more boiiiOKyROUS coni!linations o«wr in F* than mijliil he 
expected. 

Ferfecily fcrltk pknls giving iperfeinly fertile pfOEcny. m-tcru- 
rygoiis for many alleloniuqdis, do octiir in !■- 

No more than a very general formal imcryirctation of these fads 
ran be niAdi* ill prtijem. Imt assoniiiig tlmt the rfirwnosomes carry 
tlic hereditary character ildrrmincr?. anil that these react with ihf 
crtuplasm under (irupcr cnvironjiicmal condition# to build up tlw 
soma, attcnlitm is ralkcl to the fiillowtug yauisihilitics nf «5tisf> kg 
the conditions imimsctl hy the dnla, 

I, There is selective clinunalioit of F, sygutes. 

3. There h no evidence of wlcciive fcrtiliEaiion. (I this 
From the fad Hmt F. plants are as fertUe infer ;rr as hi kickcrnsMS.} 
5. Tlic sd«;live elimination nf imo-fimclinnal gnmetrs dial must 

occur in 1'* and ihi.'- risoivibiuattons of fvinciional Ram den that give 
difftreiit gmdira nf fertility in F, cannot lie itilerprctcd l>y a 
liaji fncUirhd imtatiisn without subsidiary ftisuniptioiM, btit possi > 
may he the reoiilt of «iite nf the two foUnwing hyimthcses: 

i.-l) Thrmigli mttUiiajkr spindles, uiatiiig of non'lioitiologmi* 
chromosome pairs ai synapsis, or other mitcitic abermtiotts at c 
rwUiclimi division, the 24 chnmiosonics chaructcri*iiig cadi uf t le 
two sjiccies may W irrcRukrly dfstribule<l at gamcti^ncsts. k 
some of these irregular gamdcf> may fimctioil, the majority o t c 
experimniial dam are salisfieil, liut there arc rea.soiis wliicb there is 
tint time In consider which make this scheme imiirribahk. 
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(if) Oil ihe other Lumd the facU iniiy lie interpreted without 
asmIIting irrcgubriiies of chromosome diitritiiiiion if (r) there is 
a group of ehniTnosomi-s in each parent tlial cannot he rcpLitcd by 
chromosomes from iJie other ]WirciU; if (3) there is a group of 
ciiromosonies fmn each pareu, a percentage of which iray he rc- 
placefl by durmiosomti from the other prent, hut where ftujc- 
tional {wrfection of the gaiticit'S varies as their constitution ap¬ 
proaches that of the prciiUil forms; if { j) thcfi; ar* other chmmo- 
aomes tlinl have no cfiM on fertility and therefore tan priraiote 
recombinations of diaraciers in die progeny of fertile plants; if 
(41 a naked male tiudeus eitteTiiig the normal c-ytoplasm of she egg 
in the immediate cross cati cause changes in tlic cytoptasin that will 
affect future reduction dividous: if i i;j thii ahnormally formed 
cytoplasm is not e<|uitably distributed in the ilkhotomies of eamelo- 
genesis tn tlic F, generatinn: if *6) it follows from (4; and (5) 
Shat F, lygoles may be formed which are less perfect in their 
gamete forming meclianiem tluin those of the F, generation; aud 
if (7) the heterotypic Uivisicn of gametogettesis does- not neeessimly 
form two cells alike in their viability. 

Di;ssi:V ^.v»TITLll-t«3^, 

IIar^ahch ITsiverstty. 
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ADDITIONS TO THE FAUNA OF THE LOWER PUOCENE 
SNAKE CREEK 3EDN (RESULTS OF TEIE PRINCETON 

UNUTETLSITY 1914 EXPEDITION TO NEBRASKA). 

Uv WILLIAM J. SINCLAIR 
{R^aii April J 4 ^ 

One nf the ohjccta tiF the Prii>cet<iii Ufiivcrsiry 1914 Ijeologit^ 
E^peifition to Nchruiika wns to aci|iiitc, if possible, fossil honei 
from the Ijo^ver Phot™e Snake Creek beds of Sioux Cotmty^ iiartly 
to fill out the exhibition unrt stady cntlcdimti^ of the Dq^anniciii of 
Cicobgj* which were litckin^ in [liocenc venchrates, rnitl* imnly, 
to obtUiii Siitnc snlditiond light m the fauna of the Great Plains 
region in Lower Pliocene liiniv wil!i tbc (lUTpose of estahliiihinj' a 
hroader basis for the correlation of CoiUinental Interior and Pacific 
Coast Tertiary depo^itSv In both respects the expedition ttior- 
onghly f>ucee^ftdt which I attribute, in large prl, to the: cnthn^iasltc 
siipiMui of my a^sistantsp Messrs. A, C. Whit forth of Lincohik 
Nebraskap and Mr. Oiarles TJarnen of Agate, and to the kindiiesii 
of our temporary neighbors, the variou3^ ranchmen on whose ranges 
the lioncbearing tlc|KTsii4 tie* 

The Snake Creek IhxIs were named and described hy Matthew 
anil Cook/ and ftfereflco should be made to their |wper for dcfails 
not brought out in the tinges which follow. The four 
wcffkcd by the Princeton party lie wiihin the hmitit of ihc WTiisilc 

I « A nSoecTFc Fatini fnmi Wnnetn BmH Ait*~ Affci, 

IlOr, N. V., ViiL XXVI,. An, XXVIL tT- tyoy- 

ffictc Aim. rmc, m,. tiv.* uii. >, riiNTB> jwlt j. 
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Creek quadrangle, south of Ltie sandhills on ihe divide bclween ihc 
Niobrara and the North Platte rivets, in drauH at or near the headi 
of Dry SiwKetl Tail Creek, Spotted Tati Creek Jiiid Snake Creek, as 
loilows: Loc, toooA, T. 2^ R. 55 Scc, ,, (x, E, *fi): Loe, 
roooB, same low-nship and range, but in the southeast quarter of See. 
33 p hoc. lOOoC, T. £5 ^ -j 53 *► Scc. 3 (S. E, t-i to middle of set- 

tion) : IxK. loooD, T. £5 N., R. \v,. Scc. a < N E, 14 }. Of the 
four, Loc. loooc. to which the altniuon of Messrs. Whitiord and 
Banier w'as called by Mr. John Weir, Iw^iore my arrival in ihc field, 
was ptiTtieuiarly prtnhictive, yicUling some of our best malcriah 

llie Snake Creek beds comprise uncoRfoliifpilvd, water-worn 
gravicla, d^n. croji-beddetl, rtnmd-grained sands sometimes 
streaked with magnetic, and a niort.ir-likc, gray-white tiiateriah 
sometimes in angubr fragments and sometimes tn cobbles or boul¬ 
der-like masses, resting whb marked cTOMimal uiiconfonnUy on 
Ihc Mi.l.Jle Miocene -Sheep Creek Uah. Rolled pebbles of Rranke, 
i[uartztte, etc., indicate water rnmsporLation from the crystalline 
rndts of the moimtatiis farther we.st. praliably some of Ihe satitl is 
sviiidborne, but a large part of the Snake Creek matrix has not 
been traiisijorteti far and consists, sometimes, of litbaugular frag^ 
ments resembling in appcaratice dried mortar, and. sometimes, of 
gravels, cobbles, nnd bkrgc masses of more or less indurated clay or 
sill, cviacmly represented the harder i^rtions of the Sliceji Iwds 
through which the Snake Crack channeb were cut. Many targe, 
slightly rounded masses of Shceji Creek «dim«!t incorporated in 
die Snake Creek sands aiul gravels are quite incoherent ami could 
not have stood thorough saturation with water, not to mention tratis- 
ponation to any ctmsiriembte distance. T think they were derived 
from the caving of umlerciit banks along dumnels incised in the 
Sheep Creek. Water-worn fragments of silicifietl wood are com- 
mon, bill ,ire not necessarily remains of a forast contenipcjrnry with 
the Uwer Pliocene fitunn. Most of it, if not ail, U n^wmijV 
material. 

The Stratifinilioti is lentiailar, watcr^uiirn iptivcld giving place 
laterally to cros^-lwilftcd sands and Jumbled masses of clay lamtikra 
Either gravels, snuls or niomr-like fragnenis iiiay resi'uiih dean 
sbarfi contact on the erodetl surface of the Sheep Creek, the irregu- 
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hrity of Wtiidi is increased by lanfl tliditi^ ijctiiriug along thu snJes 
uf the draws where the csp.)surci ate found, but much of k is due 
to chatiges in. ihc slope of the chamicbbeds tti whicli iJie Siiiike 
Creek deposits accumulated. Upward, the fortnatinn merges into 
vriud-btenva sands and sills which cover ilie prairie lop, and it is 
not always |HHsihIe to distinguish between them, as Wes 'nmctiiucs 
occur in die lower byers of iht sand above tile level nf the typicnl 
^nzijic Creek grav^lsJ 

Exposures, whcji found, are along the sides 01 the draws which 
tiavc cut down through the Snake Creek be«l3 inui die imdcr- 
Jymg Sticcp Creet, and are usually more or Icus obscured by wind¬ 
blown sand Pvererown with grass and weeds, so that littk- in the 
way of fo 5 Stls can W seen at the SHrfai,-e except an occa-^ionil wemh' 
cred bfine fragment ou the hare sjuitii lietweeii grasi cluuips. Qcca- 
siunally, 3 larger ungrussed area of sMd and [icbbles may show a 
few horse teeth, a jaw fragment or two or the ranis of some broken 
litnh iiones. All collecting was done Liy si ripping off llie surface 
sod and cxjiosing the Snake Creek-Sheep Creek contact wherever 
the gresilef abuTidance of gravel and hone fragments su^ested tlie 
presence nf 3 prmkctivc ”pocket" ur letis of iKiilcdiciiring gravel. 

tJic preliminary jirospocting seemed nv warrant further excava- 
lion, a tvge area was cleared and the fiank cut back to a vertical 
face which workerJ by uudcrculttug at the level of die contact 
Jiist mentioned. This wjis kept up until the pro<liictive gruvel was 
exhausted or the rcficalitig caving of the heavy lop liurdcn of satid 
made further work both lahorioils aitJ diingemiis. 

I he hones arc reiiiarkubly well preservetl, iJVMlIy black or of a 
'lark color, and occiir iit k>lli tlic gravels, saud.s and uiortardikc 
eonginiiicratc, liecoming scarce as the sttiid gets clean or ihe tmmber 
of day twiildcrs and cobbles iiwrcaset. lliey are all itiorr or lerw 
abraded, soriictimes by w,iicr wear, at uliici times muuifeslly by 
wmd-blowt) sand,* anil vary' in character from rnffctl bone |icbblcs 
to complete skulls. iJardly ever is there assriciation of ailjaccnt 
parts. Qccusioitally a rcuidiifc fossil, wahhed out of I he Sheep 

*The wim: ilctiU of i'lvtAhiiii j^nttrcrAuiiiinui sp. uvi', inai hitiiiiJ hi raft 
«aid. lying a» ihr kft sWe vrilh th* from of ilic <fciilT tilleii diiunwjrd Tlic 
■re anil kidc of th» skull .in ibe ii{iprr (riflht) side are forri! liown ro a 
iPOintftipn IcitI in a tUMiin^r it^iiit-bKavlirr^- 


Td 


SlXa.MR-AODlTtO?iS TO FAUNA OF 


lApiHi 14. 


Creek, iDVttd, but with this exccjtliaii the hont^ secni to have 
Ixjeii introduced directly into the sircams which Lnin5|rt5rttd the 
SiLike Creek gravel and. appamjtJy, represent the fauna of the 
iiimiediate vidnityp as frail teeth and dcljcaie $kul! and }aw processes 
remain unbroken^ siigue^ating that the hones have tiot Ikcti moii^d 
far. As u'ill tw seen by an examination of the Whistle Creek 
Quadrangle, oiir collecting locahtiM fine soinewhai widely scattereii 
and may not ali repTcsent the defiosits of a siugk stream, pO!^ih!y 
arc not all strictly eonieniporaneous, but as our large collection from 
locality toooC contahis practically the some forms as arc found ia 
the remaining less fossiliferouii 1ai:aliries, ilicre is every' re^tnit to 
regard the fauna as a unit- So far detmnincdT the Snake Creek 
beds have yielded the following assudation of forms^ iIlosc marked 
(idj lacing pre^nr-eil iti tbe American Museum, New York, fP) in 
the G«l(^*citl Mu^'uni ol Prlnreinn L'nivemiy and (C) in the 
private collection of Mr. II. J. Qnifc^ of Agate, Nebraska. 


i-f If Ip d iiittlV!)]'!! 0‘0- 

.■lin/Airjrpii ip. indeL t.^). 

4p. itnlc^ (P)- 

AflnroiioH 4d7-d[^iif wlidnj t.-J). 

wundui (A). 
Aduradf^K tf. whm-rkrinHHM. {/^)- 
fi\ dsT. iTiikl F). 
Tffhr^iytfn {A^ P). 

I'tffhroi^yifn ci rrnwAiriifS (.i). 
Tf^^h^f^^ryifn cf. z.vffr (.4, F). 
Tff^hriU^'ffn morAfer (C). 
Trpkrerytin itiaj, (A, P), 
fCyoi* liti- iA'y. 

Dvit-cat- 

li^xiari£{ui anfii^uui 

.MuV1ZLt?IKS. 

k^chyi-tphatmt (F). 
ifrttt^hypjaHs n ifli\2md}r»i *p, noV. < F ). 
Jfirrlf^ iffartr ijf. tiav. (Fl. 

Cats- 

P*riirrfrf’^*frw^ hear (Fj. 

Cat. i]Rn*fliu:hierc>rluiU 


Macbstrcilriiil far gm imkt (*t}, 
fFi-liS cf. HU|Ttl;tiit (^)- 

tlCMI>£KT«j 

XfySai^aiMlui cL wiom« 4 / 4 ;»ii {A}, 
Dipaiiif.t tvriHi F). 

Dipfrtdrs tLirtHj (A}. 

cf rriruifttr (A^ FAj, 
Giomys cf, iiuft/i-iUicj {A}. 

EDEJfTATfiS- 

McjpiluhydihL, ^'en et bdrt (A^ 

P). 

RfllXOCtKUSES.. 

TAfvMa* F>* 

AphAifpj ip. F>. 
rC^t^pn^ fp^ (jt K 

Mnstr^, 

AnhffMppHi tp. 

ct, {A^ F). 

rf, rtj^rwt Jr 

ihpMppuj fL|L <F). 

XfrryehippKM et. inApnh {A^ F), 
Mrryi'kipfUf cloie to fc'ti/jjfFijrfrta(F), 
cf. vrriJi’Htfflf {A^ Fj, 


Hr%] 
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Urppcriim cL afat (-4* Fj, 
Pr&fmhipput cL plsridmi i P. rlily 
Ah 

Ptf^r^kipfui tiear ^ffsfrlirj (F# 

Ptio^tpf iUi cf. mimbHiit fF). 
Plifthippuj tp. dtv. L 

PkccAKrcs. 

Proiihfnncp^ tp. (*4, F)* 

OjiED[»D!lta. 

^m‘ckym$ JrliVfiu 

(Ah 

Mfryckytts (MffdfTHQdisn} 

(- 4 , py 

Mfryi'hya^ iMficre^di>n} sp. (,4* Fj. 
Prunf^mfrihfnwm stk PtH'* 

iPh 

Camels. 

Pr^tirtubh priiuH^niatitu flp^ nov. 

{Ph 

Piiomfknu^ (M^tjaJfhp^} 

(A. n- 

AliHttmrtuf frofmt {A, F). 

9 (p. (£it, (, 4 * FJ* 
fProt^m^iur spi div. (A)* 


AKTi:i4m:s ASD Dti*. 

LifUL'AjJ/^fl'rjJt ip. fim'. fFjp 

.f>.» 

£?r^iinnoffi^FTr f^lctformu gepi- d 
*p. tt<nr* (F). 

C^rivu ip {Am F). 

{A}^ 

/J^^jrfpwMTyjT cL iiwli^rx*4). 

fre^alm i* 4 i F)- 

cL HirfaiKt F)- 
Jtfrry^fldM/ ip. lEv, (^ 4 * FL 

Bijvips 

Nitlragefc^ntd mprcvim^ M* Fj, 
llpvid gen. irukt. 

Fi>em 5p^ (--4]. 

MAiYiiftOKSi, 
tp- (F)* 

r«Afjijrcidi3R sp. (F). 

.-diyifik dfeprwHsr/ iFl,* 

Hntt0 n«r VfTfVrtffj IF)** 

REPni.ts. 

CnsccKltlr vcrtelira (F). 

Umrd jaws (Fj* 

Huge land tcirti>i?c (-4, /')- 

O# VTiCEKlKi^ Fosmtw:* 

Part large mamTiijE jaw fFU 


Tin: collecttoa^ ulilomcJ by iht t^rincclon expedition have 
increased the nunitKr of Miocene genera rejircsentwl la the Snake 
Creek fauna. Arch^ifhippHs exeq^ted* Ursn^kypsatis^ PsfudtriHrus, 
PronmH&lhmitm, Proiotabi^ and ZJranftJfwrrj^F have spines in the 
Lj[>pcr Miocttie, disdnei, but not ijtrikiiigly ^liffererii itotn* rhciV 
Snake Creek ^ticces^or^p miher increaiiiin; the dose reiatiouship ot 
the fauna with that of the Miocene previously I'omnwTiteil 

on by Marthew and Cook Adiliiiona! Pliocene efernemts are far 

^PatiidmffryjT ipu of MaUbew 3 iat Cook- 

• HcprifWiiiied in tbe Fiiaieelcm pcillcctSmi hy a fr^fftneni of ibe tHrw- 
iTictatariaf. Detintiinaiismi by Pn llobtic* MjlErr. 
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less abundant- Perhaps th« new homed arJlodaCt>'l, IJripttnGmt'ryjr, 
(jresentiiiE; a lypc of hurn^tforc not litdimo Wnnwri in North Amer- 
(C3, and a mastodon apparently atiiod to ^fintgJon uttifriconuj, may 
be regarded as bclcrnging to ibis category. The cortetplion of tdd 
and new faunal eltiinniis rbould not be unduly empliasiied, because, 
ai unr csploeaiion of the Snake Creek beds plainly show^, we do 
nm yet know the e^ttrcnie uptvard range in time of a numljcr of 
Upper -Miocene genera and can merely say of tlje new, supposedly 
niocejtc, forms that this is iheir first .apjwaranice, A suggestion 
regarrling climatic conditions may be Jound in the presence of cioco* 
fJUcs and huge land tortoises, Ihc latter rivalling in riae those of the 
GalajKtgos Islands, indicaliiig, perliaps, that the approaching chill 
of glacial times had not yet cxtennin.rted these cold-blooded types* 

DliStlRlPTIONS OF .\EW GENERA SPECTEii 
ACLUHotiuR sp, compare wntELEHiAsus? 

The left ramufi of a lower }ar with p, and m^ and alveoli for 
die remaining teeth (No* iJofift l^rinccton Univei^iiv Geologi^l 
Museum, colleetiitg IrxTility toouC) is refcmble to ati Atittrodoti of 
abtiiii the siec of yj. whftlmix»u4, from the tyj»c of which it differs 
in the greater length of , Ihc sherrter jaw and the closer crowd¬ 
ing of the premnlars. Jt is cither loo small or loo large to 1« re- 
ferretJ dehniiely lo any of ihe described species of /Iriurodctn, hut 
is harflly complete enough to I*t made a iiew spcdJic type. 



JAiiPttioi'ON sp. indesc. 

A huge ennid, possibly an imdescribcti s|i«iej of Amphicy&H 
is repriesentcd in the Frincctoti Snake Creefc eoliKtion liy the right 
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mntii of Lhe bwi^r jaw* an uliui titd some other bones, of which 
the lower Jaw (No. 1^78 Priiicctofi Dtiivmit)' Geological Museum^ 
collecting locality lOooC) is here figured to give some Idea of iU 
size nnd praportions. The fragment retains alveoli for the canine^ 
four double-rooted [urmobri and the sectnrtal molar^ Tlie first 
and second prcmolar? are separated from each other by a sliort 
space, and from the canine and first molar by long dia-^teinntai whlie 
the rest o£ the dcitilion is in close 



a, Mmftrifytm sjh. No. rifllil Kimijs M tlie bwer i*w, 

#idc and iqp vIcWk one half iiatutal *iKo. 

BiL\cttvrsALiisOiiLioumnNs sp. oov. 

Type XOh 12070 Princeton University Geological Museum^ col¬ 
lecting locality lOooC^ the left rannis of the lower jaw w'ith 
and alveoli of the canine ant! first premolar {big* j)* Tins is a 
decitleiUy iarger, dee(jcr-}aivcd* beaYier-toolhed sjtecits than 
Brachypsatis pnchyi^ff*fm!^£t wIili the anterior premolars placed 
\crj- obliquely to the tootlv-row and lUl the teeth clos^dy crowded. 
Ti is of al^out the sajue sire as Panitigohunis {Brachyps^ii) Jfwi- 
plkfdtrrj from llw Lower ItarHsonp but has a brger second jiKibr, 
a slightly larger sectorial and ttKtre elosely cfowdctb obliquely placed 
miterlor jiremotars. 
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f A|idJ 


m 


Ftc^ j. 



Hmrkyl>sttJu MiiiHfilftu, lower jivr, iy|K kpninicn, cxtcciul vIitk, 
mkI crowii TJirw of the (eetK both jtmtnil wte. N(k laoTO. 


Measl'xeue><ts. 


E^iifth, jti-ttir, .... 56 

ThujiIi, prP* ... .... 3a 

Leofftli, . . .. afi 

Fl . ... . .. 9 ^iX 6 

. . 11X7 

i>|. -.... li .... 13 X ffi 

... 

"’*■ .... jxrji 


MAitm spi tiov. 

Type N’o. 13071 Prmeeinti UniTtraity Geological MoEctim. col- 
lecLlng locality tOOoC, liie lelt nimits of the lower jaw with p*. t 
and niT and alveoli of Lhc canine, pj, ^ and n(| (Fig, 4). in sim, 
dose to the type of A/, oifyffia Mattliew ftrim Horiron li qf the 
Upper Mioecne of CoTonulo, but differing in the prescjKc of pj 
{represcntetl by a flinall alveolus), the Bltglilly larger, »nore latemlly 
compressed p, whith lacks a posterior accessory cusp as in flgygiB 
anil some existing species, the presence of this cusp on p, funty 
slightly less developed ihnn in spedijiens referred to df. timrrirotta 
with whidi comparison was rande), and ihe larger lied on m,. In 
both il. Qffyffio and M. gldffiet the irfetacenitl qr nij is more sharply 
sejjaratetl titan in siwimcns referred to iW. flpiicnVffljia whidj I have 
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inert. M, nimi^r Dougkfi* front rtc^r the hi>mm of the Lower 
Matlison \‘aJIey iMXp Fork ami If. furlmgt Mertiam imm 
liic TlioiiHanrt Creek beds^ Thmisancl Creek, N'evadn^ are smaller 
fonti^. while If. ^mJipba Cope fratti Ihc Middle llioccne oi Col¬ 
orado IS a larger aniiml thati ekltrr or ghfrew^ mid 1C 

iPutoriu&^ nanibitXHKt from the Me^rteao Lon^i Fork lias a 

shorter jw thikii dilicr of tlte specie* juFt nietitionert. It is ap- 
pronrhe<l in size hy siieeimens in ihe Princeion Uoivcr&ity ostco 
logicai coliiectfon referred to M iiniefiroHii* Init differs, itt ndilitioo 
to ihe cliatactcrs died aWve, in ihc larger heels anrt header an¬ 
terior basal ledges on the preniobfs anil the greater degree of lai- 
cral compreS 9 ion of these teeth. 



Fm. 4. If Jiff rj rjlargir^ lower jaw* trfpf ^jirctincn, eairtti±l view m*\ cmiwn 
View 43f ihr leetlir twke tiatunrl fief* No. 12071. 

l^eiigth Pi'ttir , .,**^,,-1-. h. li . - 

Pi . ........V.-. 

Pj ... 

Bit . ... 

PsEurrAKiitmt^ T^car intheJ'IOCS 1-eidy- 

The presence in ilie Snake Creek famta of a cal not far retiiovctl 
from PsnidaM*turus intrii^pidus Jarirfy is indicated tiy ii jaw fmgiiimt 
Ko. i2t!Si i^riiiccton University Geological MusetrniK cullerfitig 
locality toooC, which agfee'^ with fjcidy's type fairly closely in the 
dimensions of fhe jaw, hnt lii^Ieiu in having llie teeih a little smaller 
and tile posterior accessory cusps and heels ml the preioolar:^ less 
4irongty ikvcIopeiL A furl Iter difference, wlitdi may he of tittle 
imfxinfince. is fmiiifl in the pnsilimi of the ntenial fomniTin whkh. 


- n 
. sX^ 

, sxa 
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(Affil ««. 


in P* inlrepidiijtf ixcur below ihc alveolu? for pg nnd the anteTior 
root of [-J TespcctiTcly, while in the Snake Creek form they lie 
hdow the posterior root of pt a little in fmm of its artterior 
root, llie alveolus for pj is quite snail anil iniisi have *upponetI 
a iiibulc vestigial siiigLe-rootcd tootk 



I'elid gen. ct sp. hidet, 

A Lirgc non-tnael'isnMlDnt i^t is represeitted by a fragment ol 
the left mandibular nnms N'o. 13073 Princeton University Gco^ 
logical Mtisewn. collecting locality ux»A, In wliidi are preservetl 
Uic alveoli for three indsors, the Use of a very large laterally flat¬ 
tened canine and alvtuli for two preniolaru, a very small single- 
rooted pf and a latgt douhlc-rootcii jj,, 'llte chin is not flanged 
but the symphy'sIaS region projects a short distance bdow the level 
of the lower liordcr oi the jaw. 


pa 



Ford ladcurmlnate Will, ftajiment ot tlw lower jew,left iiUe. kKnd dew, 
Ko. raD7,v iieiuni rizt ' 




IfftJ-l 
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Ildextato ( ?M vciim). 

A single imperfect clsiw^ dciiiiiiel;f tecognizabJc as of Gravi- 
gradc I'clalinuship and comjinnilile witb some of the smaller 
Megaloiiirliiitx'*' U reported hy mtd Cook fiuin tlie Snake 

Cteck beds* Eimlicr cD^rmaLion of ihc pttr^nce of ctlimitates b 
touriil 111 a riavicttlar lio4ie (Fig. 7) miouesironsibly Of a Gravigrado, 
about Xwn tbirtbi tVie aik€ ot the nai.^dar of jeff^rsmti 

and o* nuii'ti ilie sairie general type, obialfied by ihe Princetou 
l>cditioii at collecting toc$ittty lOOoC. 


iri^ 7. 



Navkubr Irane uf mvitimie edcnlittr^ sapper and loivet riew*, two 
ilurd» natnrat tL». Nn lao^ 


Masetomns. 

^{as^tCKlons of iwo types arc indicated in the PdficetyTi Snake 
Creek colli^clion by #,c>enil comptetc molars, niO^t of which seem 



Ftc, i. tMvmphnhrrium right kst lower moliifp one Isalf nEitural siifi* 
No^ PriiPL'cton Unhet^ity t^rologicaJ coUiftling lucjltly lODoA. 
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M4 




referable ttt vi'Uh a last lower niohr can^Fiig^ fcjitr 

cross<rcsts Jind a heel and Imvmjj ihe intervenjug valkys hulked 
l>y large accessory lubci-ck.? A sirtalkr UtTm (Fig. 9). 

niso with four and n heel ki mj^ lias ihe summiu of \hc 

crests much mipre acute ihan in the ^onEf^orhrrFiftH type niii{ the 
as free frpmi ac^cessoiy tulicrclej as Ui the correaixmclittg 
loolli uf ^fiJlt&don to which the Stiake Creek forni isi 

possibly, related. Accc$soir>‘ ridged qcc^t on the front and rear of 
the external half of e^icli cresi* hot arc no more siroiigly dcveicjpcd 
titan m Jf, Tiie hvst lower iirolar of the Utter docs 

not {lecrease m wi<lr1i posieiiDrly as rapidly as does the tooih here 
considered, hut in other rcs^ieeiis they closely reseitible each other* 
Tilt crownn is lui^voiti and ifiere is no tfxicc of ceitiail. 



F^- 0- tpr, kfi tiiii longer tncilir, (to iliifili luniiirat iixe. 

Ko I2iie Priticciwi Univchiiry CJealugical Mumum, collertbit Iwalhy tm/C 


iKCEJtT.E SP)!5. 

A fragmcnl of the left fairms of a low er jaw* Ko. iJ<x^i Urincc- 
ton Liiivcrsiiy Cicological Muscmrij eollocting locality toooA, lias 
not been dctcinimcd ectierically fFig- ioh Tjic fipsrinteft sitnwj 
alveoli for two indsors and pari of tbc root of n ihirrl. 1 be 
atvcolus is very targe and shallow and the second iiarrow and ileep. 
ITie fragment nf the tpo1 of the third inciisor is fttronglv compressed 
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ktcriilly ;muI nlniasi quadrartgalnr m cros^-s^iion. are hU 

Ujwcd after *in intervetring spee, tUtoughoUt whkh llie dcfital 
xturgtn of I he ramus is br^jken* hy a ermU^ sidgle-rtKitedi TOnical 



JO, CriiiM Mfttf. sf4. Ni*. iJO^tr ■ Frajcuicm tif Iht left nutiqs oi the 
ijistiT iJifPr two thinJi tiaiiiral ai?e. 

U)Oili whli cnatiid-wvmd crown. A secoiid iJiastrmap with uti- 
ilnniagcd margin, ftqjanitrs this tooth from the smiciiur root of a 
large^ eeidcnily liecidiHius tf>oth. Ijcncath which» in the jaw^ is the 
cavity for a still brger jicrmancfu tooths llic mot of i| seeim to 
Imvc jjrr^jectetJ intn thin cavity wUcrc it has been tmiiciitcd hy ab- 
Mirfition. "llie jymphysb is firnily fused* a sniall portion of the 
right rain IIS adhering to (he left one and shuwiiiE p^iTt of Uie ah 
vctiluit for ific first inrisof of ihc right side. 


h* lULilcrt^piiitpfitir liiuirtclcr of (apj^roSIttsaic) 

if,tr^oivcnie diamirrer of al^lu^ capproxicoaic) 

iff T»ittcro|K>?icffor iliACivtcr of ^upprosiniatvl ,,,,,, 

iit tnuitVcTMc ihametrr of aWetdiiJt fapiiToximaie) --- 

ir. ynti^iKMlerUii-'^dJameiet of fwi *■*--* 

ij. li-nn^vwirt difitnctcr of foet .. 

ICt aiitcropoitCTinr ajid iraiisvia-pi: iliffinetrj^ 
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Sti 


Lmgtii cf diAStoma ?c- 4 ]v> __15 

D^tb of jaw bctaw middic of ... 

ThiclEnot of jaw At tcvrl of nKutal foraintfn 45 

A*CllJX»lllt*FCS 5 |l. 

A small sliort-crowneU of iHe right side (No, Prince¬ 
ton University Geological Museum, colecting {ocalhy lowB) at^rees 
in structure svith the npper teeth of Arcliaohifypttj in the complete 
union of Uic nictolnph and cclcdt^h. the distinct protocrtnule, and 
open prefossetle, there being no anterior median enamel fold on 
the wall of the mctaloph, lliis hurse fias not been rcjiortcil hith¬ 
erto from any horizon above the Middle Miocene Moscall beds of 
Oregon. 

Cmlest AJiicro^koiitf^rior 
Grtatest iT^LoivcTJt 



PaoNoattmiEHirii sidoense sji. itov. 

Type No. 120^7 Priucetoti University Geoloiflcal Museum, col- 
lecting locality loooC, the right raimis of the Tower jaw with p^-m, 
and alveoh 01 i|7e. Jooth cnoveus ivom. A smaller form llutn 


Fic, II. 


tjwcimcti, cxl4:oui] vie 

Xii. 







i9in io\ym mociLNE skakk atmK beds. st 

either of the Imter knoiMri Mioeene $|>ede& iP. tatkeps anti P. a/* 
ttririijjj) irom wtsidi it r,iii tie scl^intLed hy ihfFercnfe^ t>aTh in die 


and [>roponjoii£. 

Ecii^th oi jaw .-I. ^ 

Dvptl) bcn»ith .. .. ^7 

Depth hcncath m, ... ^ 

Depth bcncuili hcidc pjirt of lOi ^ .......... 5S 

Depth beneath Imt lobe oC m. .r ...,*..**f h- -h*.... Q 4 

Depth Cnt<innl4 to tiftjttt 147 

Lcnffth lower dnitLl terin ,,*+**+. .^h. 

T.eEijtth lower premulHr-^olAr ____ _ 

Leninth tower prcmolar i?erie4 ........................... n-. 50 

Length tonxr niHjIjtr HTties .p_ _h . 75 


pROIDLAni^S l-glNCtTClKlAM/S 5 ] I. riOV. 

Type No-. 1^53 Pririceion University Geoju^^kal ^fiiMrtini^ cftl- 
lecting locility looot?, lui uncruflicd s-kall, sand-worn on the rt^jhl 
side which lay uppcmiost^ associated with most of the ktt ramos 
of the lower jaw* a fra^nent of the right nsiuiis and ^n ulrui-radtus. 
The linih hone belongs to a camd hot may mit pertain ir> thi! iame 
indtvidtial a a the sknil. In size, there is doi^e a^eenicnt with Proro^ 
tabis htiglceps Matthew from the Colorado Lnyp Fork (Pawnee 
Creek I»cds), hut a conijniri^uit of tlie twn skulls hrings <jni eertaiii 
nuTior difFcrences which apj^ear to be of spedfic vzjtte. in P- prince- 
loiiianuj, the anterior facial naictiily ts far brger titan in the Coh 
orado fornc, with tlie premaxiltK extetiding above it and reaching 
farther back ihiiii In that >pedeF. Another marked difFcmiee ap¬ 
pears Jit the absence of an abrupt eotistrktipn of the face iu front of 
p 3 which prcKhices the siiildE^t mctirving -of the tooth row^ seen in 
hnifkeps in cniiirast wiiii the graJiiiil taiJer of this region rn the 
Princeton sfiecijiien. Various difTcrenews in dental ^truirttires are 
also uuticcablr, as itiickcr nnd ticavicr and p* less rc' 

iluccd and with ^lo*^e^fK^^temal groove ilecji^r titan in P. knffkep.^:^ 
r>‘-, if ariyiliingt larger in than in /^rrnreftmiijifwj. Lower 

(ircrnolars settle what less reduced mid molar crowjt^ somenhnt 
liighcLT^ and itoMemtxtetiKil grciovc In pi placef] nearer Itindcr end 
o£ toolh tliiiTT in hiujicepJ; pf with dislinet .iinlerior cusp which is 
absent in the last nanied form. 
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\APfl] 


S8 



Flrt. ij. priitAtaitij tyi*?! isjwjcimfcinp Ml jiKd« ot nktlll »nd kmrr Jnw^uijti iuJf tiattirnl iIjmv No 

1 Jntjj. Sympbyfii of lower iM mtoral m ailtlflir from Alkollicr of lllc tame ap«HiA. 
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rifSC- AMKa MUL, «S£W uv, 411^ o, msiup Jirt¥ (ft. igl ^ 


t:i /Vpid/jifi'ij ^rfnrrr^nrunifj, ^pevinieti. crgwti yicw^ of IT^j: hpiiiI lu^r k'lrth. two iHinJi 

iramral wksp, Ko. 1 305.1^ 
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lApflJ J4f 


IcEijltb o£ sfekiiU (indifr* lo vomlife’i 3111 

LetiKih, i-^Tii* ...... L. right kft 

iHCTtgtHi ---...... Tight 1^1^ left iJ? 

Lerigth. pTtTTiolar ictdcj .. right 6| 

Length lichitid if... h«. tithl if. (Fit t* 

txii^h. iliaatirttiL hehifld € - fS 

Length, diaitrma iNrhini] , , ri#ht td as 

Length, prenuitar-moldr tenr^ .............i.n_..-4- .= 

lower ptcmtiliitfi ... ...p.. 3 .^,,.......n-.-i Ji 

Dc|rth ol jaw in frunt nf pj.. ..... 
i>t:^Lb itif jaw belfiw middle ciF i£i|-- -h 

IxtiRih ai radium 195 

Width ol rnrUnI iha.lt middle .i.^o--....-*.c...o_-.......4--. ^ 

DfeJa^AXaWEMY.^ KAl riMlltMJS I^U, ci S|>_ tlOVS 
Tj'XKi ?Co> 12072 Priiicctoii Univcfsil)' ilttdn^t’al Mu^yeuniK coL 
Iccitfij' Icicilily toooC^ n hom of I he left isitle tip) ainl tlie 

ha!wl [wriian of 4 hc ri^clil hom (Figs. [4^ ejJ. 

Frontal not caverttou^ at of horns. Horns- non-dccidncitis. 
rising inunctfiaiclv above upi>cr jjost^rior niargin of orbits slopmg 
back ward aiid upwarcl and ai tlic siiiur time ctnrving tfiwAnl, at 
base almoH* eircnlar, Inti flaneiitng upward 111 the tnmsverBC 
extending l?ackwaTc! anti inw'ard from ihe orbits, |3n:>rtucing a ^ctttti- 
tar-like structure ivliidi curi'Os inward toward tU fellow on the op 
posHe ^ide. Honn^ wiibont smy ^tiggesdun of iwt&t, inroxhiLiLl Italf 
comparatively ?Tnr>oth and free from pits and irregularities, sneh 
faint groovings as stre present being longiltiditiaL Distalty, and cs- 
jicdally tomird the otner ni.argiEu the surface h roiigli ami pilled, 
but (hi> ^eerns to Ire iliie to sand-bUiiTiiig of water^wcar which has 
destroy cti I he outer table of Ikuic. v\ tirosd Jfroove Is visible 
llimugViout Llie eeiitml ptirtirm of the »liafl on tlie poslcrior a*|K3it 
ijf ilse lioni. Hums wlid tliroughuuL the surface, textiire toctf 
I diiig that of the Prorighiitn .Vntclope, 

N'o teeth have been ftniitd in the Snake Creek beds whidt van be 
referred, even provisuonallv. to the new form* unless ihoh^ which 
have been eoirelatetl hy Mstthew aiifl Cook with their Nvolrn^ 
tjoffriis IntproTiXifS, and ihe Inw^tT dcseribed uuctef ihal geiuia 
tti tl>c preiienl piit>er. sliDiihl Tie nssr>eiaicd with ihe curved type of 
bom fouml in Dr/f^amntteryjr rnthcr iliaii ivtili the !^tr.iTghi hams uf 

ATrofrofifCi'iTKj. 













w §4 LOWER PLIOCENE SNAKE CREEK BEDS. 01 



L'ft horn, ont Htilf tiaittxBl No. 1^073, t, m, n m trofs-wctii^ns ^IflfrtTiX 
meilbn unA rnitcriar rnurginii. 
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it ftt, a in fnt^iliuii asm JiiitrrHir ^n|^l•A^^ 
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SIXCL^VIR-ADDlTrOKS TO FAUNA OF 


\Mt^i lA. 


JiEOTKAiiixiEHi;.? iMi’ttiA-idL's Miitth^w ami Coyk. 

Tlic kft mniij? or a lower jaw (Mu. iJto 6 l^^mrclon Cniversuy 
(icotugical Mustuni, oolltcilng locality loooC;. which In duiihifiiUy 
referred to this form, supjjons hrachyodunt rnobrs which re^stcr 
almost exactly wiUi the ujjpcr teeth (clectert hy ,\(attliew and Cook 
as paratypes of Wp/ftif/orn-wj mprojitvi., Witli the discovery iit 
the Snake treck beds of sdmitar'shafnnl horns [Dreptiftorntryx 
gen, nov,). presuniatily of niirelopoifke niutiuls. corrcJalinn of the 
straight Nfotraif^ferui ty|« of Itorn with jaw fragments, holli npijer 
flitd tower, su[iiKirtiTig jhort^rKjwned teeth tieconjes even more pro 
visional tlian it has hitherto twen, since either tytic of Unni Is large 
enough to fit an animal of the state of tliore lo wliich the jaws be* 
longed. 

DkOMOMiCttv'x wniTFottfii t|i. nov. 

Tyjie N'o, 12054 I’rinccton Unirersiiy 'imlogicil Mureiim, col¬ 
lecting hKaJtty loooC, an asstjdnteil jviir nf horn luoses fMg. 17), 
Pardlirpe No. tJoM Princeton Lmiversity Geological Miijscmn, the 
right ranms of ,a lower Jaw. unassoriaied wiiti the luim> hut from 
the same collming locaUly 1 Fig. iH). The species is narnctl in 
lionor <if my assiAtam in the fidd, Mr. C, Whiiford. ITom 
lastf alxmt one third wider ihmi i« Z?. ftar, 7 (ilis. with l!tc posierior 
iijijicr corner of the wing-likc ciqxitisioit at the luis* of the horn 



Fbl ir ,vttHf:.rdL iy|ie Uoie „r tef, 

two fhint* riatuiaj *im. (.Voe of niMKiuitd 




LDWIUI ri4DCRNE SNAKE CREEK BEDS. B5 

shurply .itijpiliir inntcart ni ^ tl-uwitJg mini'c iri b&rtdUs. l^ower 

jaw of llie III sltat SJlfl ili^TUltiflU 

not Sf>ccifically si?pa.rabl(£ i herefrom 

Tlir rrfcclittwi in i\k new of tyjMf niatcriaj not 

founct asdocsntc<l u* most unsafcp In ihi^ itwiaii're il jtifiti- 

^ijibk licciitise itie ajHcction!? made by two partied {Aincrican Mu- 
fetim mid FYinccl^^n) bavc shown die presence oi but one s^iecjes 
of Dratfiomi'ryx tn the Snahe Creek Ijeik, ihc scnrallcd /'d/tf«>irti*r>^9r 
of Maiiiicw and Cook being ufittoubiedly Drinuom*'ryx and not 
separabk from tlte new specks here dcsciilied- 





i 1 /r J 



Fn^ vhilfofdL nslH «’ '^ir lowt-r j^. 

■itlr virw, miU cfown il« twft ihmlji uitur^l tmr. So. 

Tile ,li,Ut.tt fn,m a liute tn ihe crowir V»«r. «wmi* Itf tli^t* 

tMiua m liic .Ifa-infi i>i fhr lurT^horJcfltlut-I m To«irvator of dciil*l sene*. 


MtA&LriElIbNTt. 

Willb of tiom-liMfi tcTOH laiidJIc wingdikt inriceii 
Aiiicfoiw«ttrH*r tliffmeter of (warn il.rct Inftw* al«>ve b3»< ... 

TnnitverM .lidRi^n of Utani th/tf tnd'w "t'f'W base ... 

Lcsnlhi pj-M* nicaaiiml *i cTmnl of a^t 
Ltnsjlli, iHi-ftlf 

Pi* suits;roFo*tcTE^^*' ulk iran^vcnK -- - - 

Pii BiiilirinuiioMfrrior ttilitvcTW ,,,,,■ 

fki| p MiltTOi^witEirttar IJ* imiu l.■^rs^ -^ - i . * * ^ * - - - ^ - * ■ - ^ - 

nii*Antefui^iW'ietlor ijr, trmiisuTs^^ 

iiiji aiileropcvsrW.ri^r ;jli irartftvme * ‘ 

hqitii of jiTw bmcaili pi .. 

I uf Jaw Iteflcallh nif ^ j. a**- - ■ -**- ■ - - - - .. . 

PiiNiTTfi!? UlvwEitsiTir* AprfL lyi^ 
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EXPLOKATIOXS OVER THE VIJJRATIXG SURFACES OF 
TELEPHONIC DIAPHRAGMS UNDER SIMPLE 
IMPRESSED TONES, 

E, KEWELLV It. O. TAVLOR. 
iPea4 Jffnt jj, 

Tht following rcnarch wBi canicO o«, ai the Massadra^etts 
Imtitutc of T«hnology, under an appropriation fron, the American 
Telephone & Telegraph Co, during the year itji+-tgi 5 , Tlit cs- 
permtenta! warfc was carried out ai I'lcrcc Hall, Harvard Cniv-mirv, 
Hie object 0) the investigation wm to explore the msplitudc of 
tlie small bannonk vibration* of a ciicnbr diaphragm of teleplKinic 
t>Tc, cl^itied around the edge, a.ul to compare the ohfier>ed rol* 
•i« with those which had been already d«Ii,ced maTlvematicallv. 
Hitherto, sir as we ar« awafc. the amplitude of vibration of'a 
dqdione diaplira^ has been determined only ni one poim on 
.l« .«rh«, ,1,, The her. re|wr.e.l 

differ from those heretofore obtained, in cxlenduig over the entire 
surtace of ihc diapliragms. 

Eapi,oat>rc Aj*par.\ti:s. 

Tl« cxpluri,^ or “ox, 

oi o'”?"?' ■' l« a 

link phoiphor-brooM aimii, a,ip. ,„d 

M Ihc poinl >0 h. cxiilopcd. Tlic luiiint Ircccncv of il,c 
™nor Icoe „„ch p„,„ ^ - 

Uic mrror a .hk to folk*. ,h, ^ 

hr^g ™, of «„uc. The prcatrc .x„.„| h, ,h. 

wphro^ Ij io >nall a, ,„i m,i,riijly to ,ffc« ,|,c .iaphrw, 
ribn. luo. A of ,iEl,i. fr.,„ ,t,« ,krror on Io n 

”sJa ’ 'rith. ami 

s« Bildfosrtphy. ^ ^ 

m 




SURFACES OF TELEPHONIC DIAPHRAGMS. 


U 7 


prapartinnsil tD, the vibrauon^ of the itiiaphragm at the point of 

eonliict. 

The vibration explorer is shown {n side elevatioti at Fig. j. in 
tD}» vfew' at Kig. aiiri in seciioix, through tenter of lUc disiphragtrip 
in Fig. 3' fairly inas^ive rettaiigoLar br^ss frame holds a pla.lc 
slidiiig in groove^, ^^lc crajik at tlte iwattOm i>f Fig. i conlmts this 



Fti* I. 


Fta 


sliding motion^ with die aid of the set screw at ihc other cnil. At 
the center of the sliding plate U a eireidtir franiCi ioio which is 
cTflmpci! i!ic diajdiragin to Iw tested. The eitviiUr frame can be 
rotated in its own plane by mcaiis oi the eratik at ihe right hand 
of Fig. t. 













































































08 KEXNEUA-TAYLOR-EXflORATlOSS OVER 

A iluut bntss. hritlgc is fastened lo the sides of the rectangular 
frainc, Ai tlie center of this tjrutgc is die uttrror'tiolilce shown ut 
ilctail at I'ig. 3, The niirror-hohler slide* in a groove provided in 
the hriHge. stnr! it damped therein bv a claiii[jfiiH screw S. A fidt- 
motfon screw .1/ is also provided, for adjusting ilic imsltiwi ot the 
mirror. One turn oF Al aitvnnre^ the mirror OjS mm. r 1/3.1 LOch}. 
liy tiiGms of ait atisiliarj mirror Fa^tencil Imiearli the lop of the 
strew .If, the angle through wliicli the screw is advanced may Iw 
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Ap^APTAT^JS T><c 

-o*" 


measured, for cnlibratijig the indttralions of the instrummi. Ad* 
JosmR*nt cut! made lo i deg. of rotation, or I, e. i»m, j 
assuming that Ijnckhish is guarded against. * ^ 





































SLTRFACES OF TELEPHONIC DIAniKAOMS. D» 

The conAtructkju of the ap^taratui U iudi, that the mimir U held 
at all tiines at the ctiiler of the hu-f^ rpciati|[iilar ffame; while bv 
means of die two craitk adju^tmems. the lo lie eXploTtcl 

can Isc mi>veil ^5* briug any pan of iis surf.-nrc l>eiiejiih the 
mirmr. With the atd of tlie seale? of dUiaitee aiiil angle ihown in 
Ftg* die jiosition of the mirror with rcsiieti to the ilinphragin 
can he ar[}ustwl and read uft lo co‘miiiiatcs ^>L The 

niotiott in r ih eontrohed hy the crank ni the iMitionii hJ o.t niirir? 
while the atigtilar moiiaii in ^ is controlted h> the crank at the ridt!, 
to I’p or less if desired. The slide Is held in jiosttitin hy flat springs, 
attache^! to the rectangular fratiie* »o to heiJii the tiioiion of ihc 
slide confined m its iwti pbne. A similar cqfnstTiiclioii is nvcii 
with the ciftnlar framcL It is iuipoElani that the jihnie of ihc dia¬ 
phragm shall not lie <liE>ttirtied wdten either cnnik ist nperatctL The 
weight or the whole explorer is 4-fi'3 kg-L tjoji 

A magnified view^ of the mirror, and its stirnip frame, ?hown 
at ihc top of Fig. ;|. The iiiirmr, of illvcreil glas*, ahont miii. 
thick* h cm in the shafie ot an eqnilatcral trbiigk^ alKUHt i mm. in 
length of side. One vertex of ike isiim>r is apphetf to the surface 
uf llie diajdtragni. and the niirrar is firstentil with sealing wax 
across a thin phosphor-bronze strip. This strip 4ppro,vtmaitiv 
3 ilitn. long betW’een abuiiiicnL'^, oxyz fiini. wide, and 0.013 mrOp thick, 
Tile weight tti the fntrr<ir i^ ak’»nt r miilignuu^ wiihoiit varnish or 
sealing w^ax. Its natural ircqnency* of vihralnni* obtained piio- 
Lographiiiallyt i* a)tout 2,500 —. These link mirrnrs are apt to 
hreiik off the ^titnip strip: w that tliey [ove to be rtneveed and rc- 
calihrnlctl <iccasiorialI)+ The preTrStirc exerted the diapiiragm 3 j> 
Ihc jxjinl of the mirror, as incasiircd hv an aitXiUan' (csl. is a|spfoxi- 
ni^tely ilyne^ (204 mglw. wt J. A pressure 01 this order senile 
Ti> l>e desirable^ so as lo nlifain a natural f™|iicTt£;) nf 2,;iiOO — 
IL Iimvever. expluraiiont; nre confined to lawyer diasdiragriT fic* 
iiniMicie^* I hr nattiral fretiucncy of the explurer mirror, ami it* prc=i- 
stire on the fliaphts^gm, may he reduced iiu^cotLlingly. 

Hie iliapliragm 10 lie explored i& S4 in dirtineteri and I* 
placed in ilic eircitlar Trainc- Tt is elamped tighlly into this frariic. 
w ith the ring clamp ^howtii in Fig- 3, whicli Itad n radius of 2.02 cm, 
w'heti no auxiliary clamping rings w ere u^etL Tlic vihratiuti explorer 


lOO KEXXELLY-TAYLOR-EXPl.Ofb\TION*S OVER lAprtl**, 

ii tlwfi 4 U!i]>cn( 1 ed on wire^ (Mini tho cdling, or other convetttciK 
4 «pi»ort. in oTfler lo :>u|)pres$ buililinj; vibrstions of liigh jrequeue}' ; 
so ai to support tlic explored liiapliragin in 4 vertical pkne; Ttle 
mifior'-holder then advanced towar<l$ the diaphragtn, siirl clamper) 
by screw S. Tbe mirror j$ now caretuUj' broit^lii into contact ivjtb 
the luriace 01 the diaphragm by atljusisng itCrew ,\J. A [ncturc of 
tltc explorer ir presented in big. Tljc suspension wires rw, 



Fxii 4 Vtbniluii Kxplotcr bi 

stqqiort the instntmeot. The condviistttg and fm'iisttig lens // 
throws » narrow arc-lfght beam nixm the exploring mirror, which 
reflect* it on to tint transUirenl grarlnatcd suireen With the tlio' 
plir^t at rest, the spot un this icrecn is a narrow, s1iar{>, vertical, 
luminous strip. When the diaphragm is n-l in vihration, the mirror 
in contact with it vibrate* *>'nrIjmnoit.«tyv and the spot is spread 
into a lnniinun> band, the limits of tvliieh arc easily read on the 
gradui.tc.1 translucent scale. I f the nnrtion* of diapriragm and mirror 
are simple harmonic motion*, the himinous l)and shows no .liH onanu- 
Ities of imetisity. 1 f, however, there ts a complex harmonic tnrnioti 
m the diaphragm, the Intiiinous bund will shmv hrigin and dark 















SURFACES OF TELEPHOSJC UtAPlIRACJMS. Iftl 

cEiher quiijscciu, witli beats*' Hy (titati-s of the ojrtical 
inagnificatiosi of ain|ititii[lc ibat can bc effected with siidi an ex¬ 
ploring mirror «li1 scale, diaplifagni vJIj rations of amplitude o,l ft 
(i, lo * cm. 1, or less, can be observed t although the precisioti of 
mcasurciuetit ’ falls oli consider ably, for a rbapbragni amplitude 
bektw 0.5 fi mi^onV 


OmCAt 5 v&tem, 

The optical system employed viitb the vihraiion e^lorer is dia- 
gramuiattcally indicated in Fig. j- The stereopticou arc-lamp A 
throrrs a powerful ctmdenscd lnutm of light on the pinhole f?, in a 
brass vertical screen, A sei of jinall [Kiwerful collLmating lenses L 



Fie, %■ lliiiiiram of CJiptlcal System iwed with Viliriiitm Estidorer, 


throws )bc nearly iwirallelcd beam through.the screen and slit O, as 
well ns the focussing lens on tlie exploring mirror ii, whence 
it is reflected to the iranahiteni screen P, at a convetiietti distance, 
in this case 35 image of the silt in screen is then sharply 

focused at /■'. In Fig, f>, il is indkmed gemuelrically that the ampli¬ 
tude c of the diaphragm’s displacement is e<iual u> the continued 
prvtliiet of tlie abserveiJ amplitude d of itie luminous band, the ratio 
of i (the radius ami of the niirmr), to 2 L the doitidc distance 01 
the mirror from the scrccri, and the cosine of the angle bet ween 
the radius arm of the mirror and the jdanc of the diaphragm. 1« 
orrlcr to .ivoid frequent changes in ifr, it is desirable to keep con¬ 
stant the. itero of tbe spot m the center of the graduated scale P, 
und with it the contactuig ungte of llie mirmr. The numerical 
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expression .W&aL/fcos^ imy be ratted the magniiicaiion-factffr 
of the exptorer. As ordimriiy ctnploved, 2/. =-50 cni., / —0/15 
cni.. 4 = 45 '^ approxiiiuttdy, or cot ^=^0.7: so that 
a])tntixiniatcly, varjtng in ditTcrent sets of measorements between 



fka uni] 1.500. 1-fad it tiwii necessary, litis magtiiliraliun-factor 
might have been ronsidtraWy increased, by liter rasing llie diSilarra 
L between mirror anti «ak'T altliough the reflncticrtt in tiiminuus- 
pfmt intemtity, at iitcreaslng ranges, prevents die preeiaitiji of tJic 
obserrattons from increasing in ihc same projKirticni as I he nuigni- 
tlcitioii-factor. At Lt=^i^ cTii., the Htiiplitttdc of luminoiis band 
etinld lie rtail in m nini. on itie jfraihiatcd trunBliKcni scale /■* 

SoDTtrE nr Dr^ritaACBi VtniLvitoxs, 

Two sources of silintliotis were used in dllfercnl 4erie» of i«is, 
(1) acoustic. (2) electromagnetic. 





SL' K FACES O F TELEPHONIC A Pl IRAC14 S. 10H 

(Ij The acoustic viliralioos were suiijilicd from one of a series 
of sntall orgati-vipeii. Riving fairly simple musical l(mc« Uclwccii I, 
of 1^8 -. ami C* of ^^048 otlPkn-plpc select*! was mounted 

veritcallv in a l»lm‘k un the table, at the back of the vibration ex- 
plorcr, ami supplied with air at cimstaiit pressure (almtll l« cm. of 
water) front a imeumatk tank. The whole afiinaratus was placed 
instilc a sountlulainping woollen-frame booth 1274 cat» X cm. X 
214 cm. high), lined on the inside with hair-felt, 2.5 cm thick, stir* 
faced with thm cloth. ‘ITic observer, after turning mi the air to the 
or|pm*pipc. alwervei) the ampliuidc of the Inminoiis band on the 
trattsluccnt screen f-', Ftgs. 4 to 6. a# the mirror was applied to 
different successive imims on the diaphragm. 

(2> The damping Ting of the diaphragm to the explorer was 
chosen of such dimensions that a standard telei»hoiie receiver «mM 
be sobsiiiutcd tor it. in this case, a steel diaiihragm had to be 
eiu[jlD>c<L The Iclriifiniie waa ihei^ tipcruievl by si mcasiircil 

alternating cnrrcni <^*,0 milliainj>crcs) obtained from a Vrceland 
toercuTy-arc oscillator having a freipieticy adjiistable. by successive 
steps, between 430 and 2,500“.' 


F.XVtOkM’tOR WITH Dl.M-RKAiiSI Xo I 

Diaphmstiu Xo. t was a teleltbone-rcceivcr diapliragni of sted. 
iillianneil on one side. Its dimwisions arc given in Table III. Hie 
diaphrogm was dmnpeil. artmud the Injundary, htAween np|iosnig 
drcnlar knife-edges. 

table 1 


S’’isaA‘niOM ,^llWIrvll»;s ovtp Xo- •, at l^oi'rNcv fjotS , ^ 

Sixr iJimwiser Armutna Axu Stre.v DinxsxsT Baiuai. Pista.ihts , 
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KE.N'N'ELLY-TAYLOK—EXI’LORATIONS OVKR (ApKi =j, 


iO* 


Ai? firgan.-pi]M: of /?* ffioR—> wns set up inilh ita lip 5 oil from 
ihc back of die diaphragm. An explor^iinu was then made over the 
illrface, ai iwints ditTtdng by 40^ in ariminh and at successive 
incrcastfi in radius of about 3.3 mm. <7 stqis in r. amr 9 steps in tfk 
or &3 observations in alL) The }Jiecc'litig table give* the obHiTVtul 
ampJitiKics of vlbraiiuti deduced from the scaltMltiBcctions, with a 
magnification factor of .1/ = T,ifSo. 

it w-ill be seen from die above table, that at any jiaititnilmr 
radius r. measured from the center of the diapiimgm, the amplitudes 
at vary'ifig iKimulhs 9 art substantially ct^uaL The irregularities 
are smalt, hut ncveniidcss seem larger than can be accounied for 
by errors in observations ami are, [wriiaps, rlue to irregularities in 
the djafdjragnt. Fig. 7 >boss» the contour lines of vihraiion-ampN- 
(ude in microns, the maxinmni amplitude being at or near the 
center, and amounting to 14^1, Such vibration aiiijditudcs are 
larger than were usually oblatiicsl, and were spcdally reinforced In 
tins case, in order to secure large deRectians. It will be seen from 
the cotitour diagram, that the diaphragm was vibrating with hs 
fumtarncntal or gravest tuodc of motion; f. f,, a motion to-aod-fro 
as a whole, without either nodal diameters or nodal drdcs. Ii is 
known that a circular diaphragm, damped at the edge, b rii|>iible nf 
vibrating in au iaddiiiltdy large iminbei of ways, according to the 
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numtHjr of tiotbl drcjea, mill ftJso affording to niiiiiber of nodal 
present-* 

A siniibr csplomiioji was mntle o^er the diaphragm^ with 
acniintb exdution fr-jm an «rgaii-pi|H: gUing <2,100 — i. Bore 
the of ohseru'aijon were in slqia of about 3.3 mm. in aitd in 
Steps, of as l>eforej with magnificat ton-factor, i/= 1,^65, 

TABLE XL 
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The vibration cotttoiirdines for this arc given in Fig. 8, 
Here again it is seen that, setting aside irreguladliC'S in the dia¬ 
phragm, and allowing for errors^ of observaitoTi (which are more 
noticenhie w'ith the smalt amplitude of higher pitch), the ninik ot 
vibralion is essentially fundamentaL ^ncc there nro no perceptible 
iirKlal circles or no-tbl dbfutters, 

Maving thus ajcertainctl ilijti txnh at pitch {fjoS —^1, and at 
C\fjA48—K the first mode of vihratioii ivas pncsaitrfi a ^efSes 
of careful explorations were inoile at a ttiimber of tiiieirmetliatc 
pilches. Thcisc tike wise ad ^^how^ed I he first or [iintlonicnial ni<>dc 
of viliiation. Set: Table I L'f^ 

Obfi^rvaiions were also made^ at organ-pipe frcqticndes down to 
Ji8— . E^cploratinns wijuUl Ijc very diflficnH; to obtain mx this 
diaphragm at such low" fretpaende^, owing In the imall vibration 
amplitudes proclnted: hm the indications were that the fundamental 
mode of vibration was mahitpincd tlirongliotit. 

* 5Mfc Afji>efidix 1. 

eii>c. ji)™*. mil- soe^ ti j, n, nitHTVP iwtv S, 191 
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Ttie condusion, therefore, scenis w^rranlttf that, for this par¬ 
ticular steel idcphoHc dlaplimgm. acnueticolljr excited lO frequencies 
as high as j,ioo—, llic funrlautcntal mcKlc of I'iLratfori i* the only* 
one that is maintainct]. If any higher nioflcs of toot ion were 
present, they were too faint to he discemed. This floes not mean 
that higher modes of motion could not he produced hy any kind of 
excitation within llic ahovc ranges of frcf|Hency. Tlie effects of 
very powerful vibrations w’erc not investigated 

Since Ihe natural irttpicniy of this diapliragm. wiili flat damp¬ 
ing, was observed to he n„=824 and since, according to Ikssd- 
Function tlicory. the natural Ircqmmcy of the second iiiode of nio- 
lioii should be we should nalurally ex](cct to find tins 

second mwle fjf mottnu appearing at ajul aliovc 1720 It> non. 
appearance may have been due tir the uniformity of aenuatk ini- • 
pressed force over the snrfaec, which wmilil ten*! to favor the first 
rather than the secniHl mcHte of forced vifrraljoii. 

The vibiaticin aniplkiiric of the diaphragm was found to vary 
widely with the pitch of the exciting «,urce. .\, or near the natural 
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f^daiiicmal frciincnry of thr diaphragm, the amplitude of the 
vnwatory rvsiionsc wa» a maximum. Kjiher above m ficbw this 
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nMotiont fretjijiiitfjr, \he atiiplUinIc of Mbratiiin. ibown Ity the ex- 
plorcf. fell off very markedly. The curve «f relative a[»i»liiwdc at 
(lifftfcin frtt[iicneies U indicnteij in Mg. q. h vvill be seen ibat 
when exdiing the dtaphragiu with vilmitbns reiiwtc from (he 
resonant ffciiiieiicy in either direction, the amiditude hceomca so 
small that the degree of predsion whidi may be obtatnahic near 
resonance is iiiiftossible to secure. The omlmc thctiry for this 
resonance nirve. I-ig. g. is gi™ m Appcnctix JJ. It is shown that 
ff wc mtiltiply the successive ordinates by «=jTn. (hr rtiidiin|f 
vclociiy-vatncs correspond tu vector cltonh m a certain veltjcity 
circle, 

Mg tB of Appendix I. gives the graph of theexprorerl vilimtion 
amplitudes at suctesilve raitial distances fn>in the center of ilb- 
phragni No, i, for the frequonty 8y6~. It will he seen that the 
amplitude falls off smoothly from a titaaimum at or near the center 
to ^eno at the flat-cbmpcrl edge (r= 2 ,^). The applica- 
tiott of Rsj icigh's theory- nf free vibration to these uirvcs is, given 
«i ApjHtndix 1, Jn general, the agreement Wlwccn the acousiicatlv 
forced aniplittnJcs anil thourciically computed free smpliiutle^ was 
splits ffUrtilHv 

At or near ihe resonant rrcqucncy, or natural frequency of a 
diaphragm, especially when its damping coefficient U small, w ihat 
the r<»onanec is sJiarp. a small change either in ttttfiresseil frcriucncy 
Of in ihc constanla of the diaphragm due to change of temperature! 
may have an nfqjrecinhle influence upon the ampUtude of vibratintt 
In other words, although Ihe obse^^*c.l amplttmlrs arc relatively 
large, jmd Uie prccisinn nf tttMstrremcnt is seemingtv higli yet the 
system is in a virlually unstable condition. Consequently, although 
there is no reason to suppose llm the cnriditinna at rcsoruincn differ 
from those off rosoiiaficc, ticverUiclcss. when a reliable atiH rcfjn>* 
ducibic set of observations of amplilude dmrihulioii l» iksireil, it k 
adv-isahlc to select a fre-ttneiKy ttm too dost to resonance, or siy of 
lialf iht* rcsnnciril amplitudi-. 
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-AmJCATTOS OF ClRCt-LAH V'ELOtTTV*nT.MiKA >1 TlffriJlV Ttl 
UltiL'LTS OF ExPLOBATlOfJS. 

h iis lihown in the firsl-a|)j)roxjm;aioa thcoTv of Appentlix 11 ., 
that the l>ehavior at tJir centcf of ii Hnl'cliitiijietl circitLir i1iafihT<igin, 
su!>jcet to canaiant vnTjro-motivc f<jrcc of varvinf frer^wmey, can be 
completely prcdlcatrU, if three constants of the %fia|ihragm are 
hiiowti;* namety, 

(1) the “e<[iiJv£iJciit iTiaes'' rn igm.}, 

( 2 ) the elastic constant J (dynfcs per Cm, of displacement at 

cctilcr), 

the mccbanicfll rcsfstaiKc r (dyne.-) iwr «ni( velocity at 
center). 

All these three constants can obtained, for att acoustically excited 
diaphnigni, tiilh the aid of the vitimtinn explorer. 

DETCKMtKATtOft OF Wl. 

In order to determine the etjuivalent tuiiiis of a iliaphmgTii. it 
is necessary to know tlie distrilxitton of aniplitnde over the entire 
vibrating surface. As is shown in .Apiiendix til., when the tlis- 
Iribution of amplitivJc confonns regolaiiy w-itli itlc Hayletgh 
formula, it would ap|)ear that the ecpiivalenl tnass i* o.i8il times the 
mass of ific circular vibraling plate. If. however, tlie distribution 
of amplitude is irregukr, such as may be prmlucol by bipolar elec* 
tromagiietic excitation of s telq»hone-rceeiver diaphragm, die coeffi¬ 
cient 0.183 cannot be depended vtpwt, ninl the projier coefficient niusi 
be determined by some process of qti,T.dr!itwre, sucIi as Appendix 
ill. descritxis. 

Tub Ei.Asnt,' Cossi axt f. 

The constant 2 is the itifcired clastic rc,listing force, which, 
acting perpendicularly uixm the dinpiinigni’s wpiivalent mass fat it* 
center), would produce the same eJfTcct mxjii (,he viltratory motion 
as the distrihulcd elastic forces priMliice u|K)n the dinphragm's dtS' 
tributed mass, in the presence of the particular impressetl force 
distribution. *t‘hc simplest way to find r is to measure the Tiatural 
fiiinfanicntal fr«jurtn;y a, of the diapliragm, by exciting it with ,111 

• Sec DilitioKratiliF No. & 
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c»rKan‘pi(» of jiitcb, tuiictl lf> pi oil lift th* ninximum vi bra- 

lory amplitutlc at Qic Cditirr. M slxown in Apl«nitix K., ihc «m- 
atan! j in tlicii thi; pro<lucl of the Hiuivatent mass in and the S(|iiaTB 
of the resonant angrulnr velocity <1^,. 

A scries of statical tnuasureDtents were roade, by a[iplyiiig small 
tensions liy means of » caliliraleH spring, to the center of the 
diaphTogtn, and obscri'ing, witli the aid of the explorer, the cenira! 
rlisplacciiients u**. thereby prod need. Tt was found, as tnight he 
expected, that tlw ratio nf f, to je, was constant, so long an the latter 
did not exceed iS^i. Moreover, tht value of s obtained from /],/», 
was approxTtnately the sattit- as ihat oblamcil from fornttda (y), 
App, TI. Till* static mrtliod of llriding j, however, is inferior to 
the r^soflattee metho<1, becatise precis static measurements are 
diffientr to obtain. The aijplication nf electro-niagnelic otcitation 
to a stcei diaphragin also im^wies residual sfrtssttt, which mate the 
me of the static inethoii unrclialik. 


The MECitd^jXJCAT. Hesistaxce r. 


The constant r was measured, with the cxplarBc, hy |diutograph- 
ing the decay imrve of viliratioii amplitude titi a moving plinto- 
graphic ftliii, wlitii the diaphragm wn* tapped at the center, iind 
allowed to return to the eriuilibrium posiUon under iu owti lEaiiiping 
forces. It is shown tri Appendix U., titat the rwistanee r is twice 
the natttr.ll frctpnmey muhiplietl by the erinivalent mass and ihc 
logarithmic decrement, Fik, to is n imciiig from a ptiolograph of 



Fiii. fu frarnitr tmm Pl>ciir)Krpp1i of [lcva>- Curve Llia|ihfjigiu No. t, 

the curve of d«rny. A small cJtinera. ripfeirnied m Fig. 11, was 
set Mp tti front of the explorer, eutitaining a photographic film 
wra Plied arrmiiil a metal drum. 'Vhe tlnim was motor iJriven at n 
peripheral speed of apt»rtiximalely 4 meters fwr ssx-onrl. and the 
shutter was opened at tlie lime of lajiping thr diaphragm, I'hc 
logarithmic ileertinciit of this curve is o.ilt4, at die frtspteitcv of 
S24 ~ ; rwi thm with an criuivalefil mass m of t oci gm. the value of 
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r Iwcomts 3^8 tlyties [wr cm, |>cir Thu (jrtci^ion in nirtisurittg 
r l>y this Tncthod is relatively Um. owing to the tllRkuity ta measur¬ 
ing the successive amplitudes with acrtiracy* on u mirve of such 
j.niaSl ilittiensions. 

Sfnee, as is sliown in ApjwmUs U.. a circular diaphragm, in its 
fundamental mode of nintion, offliiiarily devdofiS a circular graph 
of velocity, si varying impressed frequency, with DDtrstanl vibno- 



Ft'S-H. 

Sounci-Wave Camera. 


nwlive force, the plan lias siigpestetl itself, in the course of this 
research, to use the eirch'-velocity diagmni of a diophragm for com¬ 
paring the vihro-nicilive ffirccs (vnif/s) of different orgait-plpes. 
Tn this connection, the vinf, of s pipe at I he esplortug dtaghragm, 
Htay Iw defined as its liarmunicuUy varying pressure f=^Ft^- 
(dynes) produced, m I he iliaphragiii. by the pqw. under the free- 
metrical comtitions of the system, including acoustic re fleet tons froiu 
walls, or other objects in the room, on both surfaces of llw esplor- 
iiig di.ipliragm. in the siiiipkiit. or iiandanl, gcfimetricil condition, 
the jtafufffrd vtnf., winch i$ proportional to the square root of the 
sauud intetwlly* at ibc diapiiragm. would he tihserved in free space, 
with the orifice of the pijHt facing the djaphragni nl a definite dis¬ 
tance, and with the dinphrngm jicrpendicular to the line Joining 
them. It is our Understanding that there is. as yet< no simple pith- 
Usfieil tnetlKni ui mrasuriiig tlie vmf. of oigan piiws* nt difFcrcnl 

* UilUoffrapUy a Bifioti. "Text Book of Soimri,’* a aii. T«r. *4*^ 
mlTtau Co« igo3. 
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sizes or piTches* al a derinite distance from their orifien. If. in a 
K'^Jtietrical envirotiTnent, pipes of rtifferenl pitches jms set up, 
in succession, at the same fH^ition with respect to the explorini; 
diaphragm, then the oliscrvcl anipUuuIw. inulti]iUe(l by llie respec¬ 
tive values of «*, should lie on the velocity circle-diagram, if the 
vmf.’s of the pipes arc the same; assuniiof' tttat the fimdamratal 
mode of vibration is produced, that the constants of tile diaphragm 
remain ujichanged. and that the overtones of the pipes arc negiigibly 
small The vector departnnw from the circle diagram would then 
indicate the inequalities in vmf/s. 


o 
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Fig. 12 15 an mvierti-<I vdorityMareli? fFsgniui (or DLajihnigtn Ntf. 
ij, ujHjri iiHM&Ufcft valticu of tw. r If we liikc the 

ilianitlTiU velocity OM as 5 cm- per sec., with r=dyties iHrr 
cm./sec,. then the vii(f. whiclip in the |icirtieiiiar Cfivircmniefit of lln: 
c:!C|xrriiiietit, p^tl|Jt^C 4 :J Xlthi veltKity, wtjufil tnr 1/140 ilynes, ni^.xirnum 
cyelic v^liie. The particular pijie ^\ c ao ob^errec! am- 

plhmie ar ihc flbphra|nit center, which, nuiltiplicd hy v^=z^rX79:2w 
gives llic line Ot7* along the cliord The pliivsc-aiigk ^ iiiu$j he 

ohtalited b>‘ conshlering lUe nicehantcal reacriaiice aj in < 4 !, App. fl. 
If the vrnft of this pj^je were the sariie as that xvlueh prcHtuced 
this iMiint would Ek on the cirde, t'ouseqnenily, the vmf- of the 
pipe G* is ti> that ni the pi|ie prochtcing reMtiuinee, in the ratio 
OG^/OP. SimiTarly* the vnif. of the pipe is tess than 

that prudtidug Llie fesosjant velocity, in Uie min 0(7 J /OR It is e^i- 

tlent that ihe fangic of arty nne diaiihragri). fnr the precise ccniipari^nn 
of vmf.'s fruni orgau-ptpL -5 of dtffmmf pitch, Muncwhnt iimitcHU In 
ihc Ca^C presen tech it W'otrld not exceed one octave, since the iihords 
fjir from Uie resonant diameter lieconie short, lly selecting a 
rlinphragm of relatively large ikniping am^taTit A=r/ijfi. this 
range can be increasL^t, In fact, the range in 1 * lietuccn the qtiad- 
ratual paints QO'^ on the velocity drdc, b ntmerically ciiunJ to r/iu, 
or twice the ALintping constant. 

A succession of calibrated tliaphra^ms svith qvcrtnpjiing ranges 
might t^c ctnployed cover the niutical scale. The wdiers have 
not attempted to cor«|5are nrga!3-pi|«* U^r stanibrd vnii, in this 
manner* 'Hie mcafiiireiiicitt^ niight have to he tnafle mit-of-ihMini* 
In the sonnil-ahsorhing room hi which this research w'as airricd on. 
the effeel of suiind reflt'ctioits from walls and other objects pre- 
ventctl any staiularl cornparisniis of vnif. fitmi l>eing itratEc. 

ILxptOkATioss wjtu KU’icTfetKU.^oNK'rteAixr Kxi iriin DiAFUKAOifs. 

til ortler la n.^i-crlflin Uic effeeb of exciting a steel diaphragm 
fN<J* 1) electia>nu!gildscally, A h’o. 144 ^Vcslertl Electric IkJI tdc~ 
phone receiver was senrwed into iht explorer^ l>ehind the dinphragm. 
s<i ^ to obtain the ordinary nir^gnp l>clwecn ihe dbphmgni ami its 
two pcjles. Hie cap or ^cfeiv-envur ai the urdiiiaty tclqihone rc* 
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cdv'cr was here alisent. Altfs^Hattng af 2 iiiiHiamtieria 

(ixiot-rneEin-£4tti3r«) wjw »i]i)f.<tied fmii a Vrselattii &ad]!ator, gjv- 
ing^ a do3* Bpproxiinstioti to a pure smc wave, and in coniifetlon 
W'ltb a Kayleigh briitge. for the siiuullaneons ineasaremciil of t»mh 
thf rc»ji>tantre and indnctative of ihc telephone reedver, at fre* 
•ItietK'ies vaf>‘i!ig Iwtween ^jpy iind 2 fi,%o I'jctjlorations were 

Vibration Contours 

Diaphragm No,2, 



nmdc at two frcqnenfics i one, the resonant f rtwjuericy of ^ , 

nnd (he niher diBhlU l.elf»v iiiW, nr ^ The eontovir linea for 
ihu latter ciww are preAenled in Fig. 13. where llw ouliiries of ijie 
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two nin^ietic are Inilicatcii in dotliHl lines. U will Ijc ‘een 
that while the nituk of niLitloii U cssciuLilly fittiiliiiiienml, the ampJi- 
itide is not a imutitnintt at the ceiiLcr, tn the orflinarj* acoustie 
case. 'I’ha n taxi mum amplitiwle of 2.0 n is reaehi'il in au cHiptical 
Itwp cmbradii^ the ixilc at ilie ti>p. tnsiOc tiii» U»o]j, ami immo 
(hatcly liver Ltic |)ole, the ftmplhttde falls oft to Over (he 

pole (inilmreath. the aniplidiilc is akntl 1.7 hut there appears to 
lie a slight ilinuiiinioo between the |jiiles If the geometrical and 
magurtic conditions of the Ijijvilar sytiftu were Tierfcclly sym- 
metrical, tltesc 'lissyTiiTnetnes ivotiM presiuiialdy tlisa^ii'iear. 

The cufvTts of meni iinipMiitde ugainst radial distance are prir. 
semed in rig. 14, I he turve JAA tonvAjintids lt> that fotJfid at 
rewmiH-e. mid slunvn iliai the jinpliiitde ts far from heing a luasti. 
rttiini at the vt-nler of the iliaphfatjTii. oiving to the allraetive lofws 
luring established over jxdar arciis rm eadi *iHe nf Jhs reriltr. The 
cwiTictrat (if eipiivali-jtt mass fyr ihk curve is over 0 . 5 . 

Tin* eun'e Afifi gives the corrcspciniling distribution of mean 
aainintlial amplitude for the tretpieTicy of <>74 —, The swelling 
of the Iimplitode over the (wk-s is luss ntarkerl in iliih va«j. and dne^ 
not maltriiaiy exi-t'ed that al the cetiter- The eyi«Lvjdent mass oo- 
cflicietil for this curve is 0.36, or aUmt double tlial For liie Kavlrigli- 
fiessel curve case, wliich is inijicau-d by AW>. *l'hr curve ACC 
gives the dUtnbuiion of nir.ari am|.ljiii.te in radial ffistatirt. lo^ an, 
other Stetj diaphriigm <No, j) in n liiiwlar telephone refeiver, at 
ihc resemnnt frei|urnr\' of 

■For UAh steel diophriUfms Xo^ ^ anri a series nf central 
amplitude iiiftt.iurvftieiUs were made, with the explorer, at eoiislam 
ahentatitift^iUTcnt excitation, hut adjtistnbly varied frcfjiiejiey, 
SimidUiieous measurements were riuuie bv Mr, ||, AfleJ nf the 
resistance and Jiidlietajiec of the KhTlmne-rcceivcr coils, witli tJie 
iliajdiragto l>ruh free ami damrtd, The enplorer nu.a.«,rtmit;ms in 
lioth cases wtiafactnrily chcc'fced the elcdrii-ally rkdiicefl velnrity- 
cirde diagraitis. It is pnittoscpl (n rejjori upon the deciHcal meas- 
urcmetit.^ in imother ,et[HT, Moreover, sianing with liu- amTdb 
ttitks, mea.ureil at the center of the diapliragui, in curve', A iuifl f 
of I'lg. 14, the fNiuivalent nhis.sei uf ilir liiajihragms, conijuued frtmi 
the electrical niCiiMircmeiiis, agreed, within a few per cent., witli 
ihoM founrl by imvgnufng mnes A amt C. 
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TtMPEttATune l'’.iFn!t“rs. 

It \va» foiuiil llial changes oi tcnitx'rsiun’ in rht! Jiir ^uTTOtuifl* 
ing A iliajVIvragni llarl a mnrkc*! cil«l, both ujiou it* resonance (re- 
•^uoncVt 311(1 ujKni its .iitifi!itut1 K> at tiny frijtjucticy. Tlic ctirvc# 
resenting n* Against r, \rtce apt tculiflfcr apprwialily in oWline from 
thy in clay, Tlw defrec of tighlOBS of i:liim|jiitc also tiad a markctl 
effect in these tinffl^urenieiiii In jjcnetal, such ♦feturbiuiecs ■Juc to 
teni]>crutui'0 anil clampinp, arc likefy to intruchice lensiniH in the 
subsiunce oi Uie tb'aphrafjtii, aiitl to cause some of the chsifiicteris¬ 
tics of vibmins^ nictsibranes to lie oi*ou those of n tH- 

hratinp iibtc. U ts^ therefore, iic!ural.le tlmt the clanipiiii? thoiiltl 
be cfTcctccl tightly, ami I hat the mcaspremcois slioiiM then tic rtiaJe 
Iwfcire the tetniKtrature bn* ehangeil. Strictly spcakiitg, the Kxiy- 
Icigli iheotT shows tliat there must tie a nwrkeil dilTetcrnci.- in butli 
the resuiinncc fTeriiieney ami in the ilislriluitinn of 3iTi|i!ilUilc5, if 
the cliiiphragm i* clatuiied between cirenliir kinfc ettfics, iiistcacl of 
between dreular flat rings si the liouiutary. The cxjjcriuu-nts liavc 
show'll that ftai-rhig claiiiping is more likely to give consistent re¬ 
sults tliaii kniiL—cilgc clamping. These damping (Hfliciilties .ire 
acct'iiiumeil itt thin gbts iliaphmginfi, for the boumJary supjiorting 
of which, a ^rpecinl ledmiqiic liuJ to he ilrvcttuHoU 

F.Xl'IjtlKATtOh: OK Tlit.'t til.ASS DtAl'IlttAOJlS. 

J'Vom a number of thin gbss iliaphragms, ouc l>iaphr.igni No. 4, 
WAA itctcctcil, nn sccomit of its iinifonnHy in thtckiicj?-*. Sec I able 
in. It wai. (uuntl very flitTicull to ohiahi uniform results with 
this, in the esplnrer, nwiny to the aliove Diciittoncil troubles with 
ekiniping. h'inalfy, the gbiMi {ti3[ilirdgin wa* cctnculctl. witli water 
gbsji. to a iKJitmlnry ring of glass, amt ihia was lightly suppoflcil liC’ 
tweeu the ctampitig rings of tin; explorer. The diaphragm was 
then exdleil ACtntstically Uj,' organ-pijics. llic unturul piU'h of the 
fttaphrngm was fotirnl f<i lie 41*^ —> it’ *htf fiuniameiual uioilc, flit 
ratsitig the fn‘r|iieiicy, the moilc of motion was found to change sUil- 
itcnlv, at , to tbiai of ,1 siiiglc noilai Ilmtucler, the iwti lialves 

of the diaphragm then vihrating hriniKink*a]1y in tniimsile phases. 
This mode of tiiotion continued nmil tlie foKiUency rc.iched 
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when the niHlaS cliiinieter aivl g:ive place io U single 

nrxi&l drcic- Tlte T^ititw of >he above three frequencies are i; T. 97 V 
3.44 ; wln-reait, according 10 the Hcsel-ftinelioH llu-oiTi-, they shonhl 
l>* i‘ 'i'hc discrepancies niay readily Iw acetiutried for 

In- imlrfretiou* in boundary support, or by lentperatnre effccls. 
Small changes in clanipii'g ’^vere found to esereise a tiuirked in- 
ihiencc ou tlie»c ratios. 

OF r>JAl'llR.\CM, 

In Ihe iJeteniiinatinn of 111. r Mid .v. by electrical tm[«rlanre 
mcasiiremcnts* only two f|itaiititative rdaliott* bclivcen Uicsc 
three cnnstami* tiaturally presem iliemsclves; whereat, for the 
evaluation of these three irnknowns, three indcpeudenl quanti¬ 
tative relations mitst he vxperitneiitally obtained, tt had he«i 
hojwd lu ilerivc Ihi; missing third equation, hy apfiU’H'B a #n«U 
known 1oad-tlllll^ at the «nlcr of ihc diapliragin. and by rciwatnig 
I he electrical lueasureJitciils with this kwd in place, h.lwt.rical cx- 
jwrintents showed, however, that while, ucnsioniiUy. eonpislcnl, re¬ 
sults were olitairicd in this way. more nfteu the resiills were tlis- 
eordaiit. fhe reason for the discortbiiwe tia.* liecn shown, fruiu 
explorations of the iliaphriipin, to tw due lu a ilistortiuii "f the 
amplitmle curves; whereljy the ctjiiividinl mass i>( the hKoleil 
ihaphragui h ito longer the same as when unloaded. 

niicse conilitinns tire cxhildiiwl in the curves of Fig. !,*'■ 
shows ilw w, r curve, for an unloaded telqihotiic steel diaplinmni. 
excited aconstically at its natural treqiu’ncy being 

83 aThe corresimtiding airvc /' h for the same <lbp!iragra, 
after being lomkd ai llie miter by a small hrais cyliiulcr of 
gm. at rt=.ai 6 ~, its new naturnl tr«iuvncy hdiig 
After increasing ihe lo,td tti tsj» gm., lliv new curve is shown at b 
i» = a^~. The Sliapes of these llm-o curves h, 

F aud (7, hdiig so difTtrent, it is evident that the er|Uiva1eiit itutss 
of the diuphragm hv itself cuiinot l«f rt-garde<t as constaut, 

The authors arcTndehleiJ to Ur. Kko. A. CasupWl for a nuniter 
of valualile suggestions whieh he made after having rejul Ibc . 
of this t'flM-'n al^o FTofessor W. C. Sabine for very useful -mg- 
gestir>Ti'<i Htiring the course of ihe re-Jtarch. 
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Sum masv. 

1. The iliutribution ot iUTtpltttides over siit^ll dreubir Ictqthumc 
diuphragnis., uurler simple iiiipresjcd Hliraiidfts. lias Iweti tiieasuredt 
it li beltcveri f<ir Tlie first time, hy means of a new and qiedally 
conslntctcd vitirat?nin;>:p1orer, 

2. Tlie simple vihralions <jf the small ned eircitlar diuphtni^ins^ 
«»cd in telcphunii; receivers, afijiinir to Ijelani* to ihc liunlanientat 
nuxle. wtllnn the orflinury lelephnnie mnyf of intensiiy anrj ire’ 
fjucncy up lo 2.000—. with the ilistribiilioii id Impressed forces 
here described. 

3. ‘I'he eitplnriilioii^ have eonilTnieiJ the morhiiifi theory oi the 
\eIoctiy-circIc diuftriim for such vHfrattOTi*’ and tiavc afTorrled miians 
of fletcrmininj^ the lliTce constant? m, r and in that theory, for 
acoluitically e.'cciled vihralintis. 

4. In the rcstimuit oemditinn, exjdoration Is somewhat uncertain, 
owinj; to slisfht instability in the vibratory hchavior of the dia- 
phrajun. 

The distrihulinri of fotred amjilimdc at varvTn^ r-idinl dis¬ 
tances, has been fuuinl to compare well with die Rayidgli tlienry 
of freely vihratiri|: plates, when gmil flat clamping amimd the edge 
can he secureit. mid with acoiLvlic e,?silation. Tlic cne0u:itni of 
equivaletit masi apifcars to be for .inch ;i case. With electro- 
magnetic excitation, llic amplitude dislribuiion niay very rlifferinit 
and the codlicieiu is orilinarily iniTca^eil. 

6. Loading a iliaphragni with a small nviss at ihe center, de¬ 
creases ilp natural frequency, and temis Ui reduce tlie aiiiplitiidc of 
vtbralmn at the center, widi a relalive ineresse a| oullyhig {loints; 
SO that the eipttvaleni nutss of the diaphragni, considered by itself, 
is. a]It to tie changed. 

7. ,‘\ nicuns is snggesied. based on the vcli'Kity-circle {liagrattii 
for comjiaring tile acouiitic inieiisities of organ-pipes of diflferent 

a. The dUtrihutiim of amplitudes over llie surface of a steel rc- 
cciviiiR-ldqdiotie diaphragm, widi hijifiUr elcctrmnAgnetic excita- 
linn, was found (n tie of fitndnuietllal tiifnic, lint with a Irncltnicy lo 
form tws> tnci^lin^r nnc over ruch j>oie. 

rj. in some small, itiiin glass diaphragms, three nit>i|<» of vil»m- 
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lory niotioa wen: ttlistrved, in tht range of aeon^tic unpresfod fre* 
[]Uciicy up 10 *,700 

table III. 

Fia^ Cineouti DtAFinJrtsf*. 
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P03 
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1 I0i« 
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O.OICK$ 1 

13 .SJ 4 S 

4fl^ 


Api'enoiX I. 

of Bfssel-FvncUoh Tkrory 10 j Dkjfhraffai Fibtattitg 
in its t'undoHifHial Miuir. 


Referring to Lord Rayleigh's “ Tlieory oi Soonil," Vol, 1, page 
352, ilie formula for the instontaneoitii amplitude of free I'ihration 
in a flat plate is, 

wlicre subscript ii=tthe number of nodtil diflnieiere (Tuimcru;), 

instantaneous amplitiule at a point on Ibe diapbragni whose 
polar codnlitiates are t cm.* radians (cm,If 
/’^constanl of ampUtude-niagnitiide (cm.), 

I'=a ooiistanl of tlic material de&ncd by: 
lf = V**/c (cm/'L 

f .=51 coustimt of the material denned by : 


V I2pfi — e*) 

Youngs moduliii for (he diaphragm material (dyne/cm,*). 
^ = itrtLtity of the iliaphragm material (gnis.,'cni.'J, 
ir^Poisson's ratio for llie dipphragm material (numeric), 
thick ness ut the diaphragm (cm,), 
constant satisfying boundary conditions 1 oiuiicric), 
/^aa Bessel's Functiuti of ihe nth order (ntimcric). 


• = V—t. 

* Thtcktie^s of iajriui i»j(ie74 ctii. 

rsoc- Auw, rntt- w.. si j 1, murio jetir 6 , 1915. 
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pljastj'-ajigle mtrasur^rfi aToiuid the diapttragrn (radsaTL^). 
iii^2Eii=angiiLax tetocity of vibrating motion ^nidmii£/5^,)* 
If — frieejuency or tliaphragm vibrmian (cyelisa/s^.)* 
r=^tiirifc elapsed horn a given epoch fseconds), 

time-fjhaic detemiined by tlte epoch (secQti4s)i 
41 = radius of the rliaphragm (cm,). 

For the fundamental mode of motion, fr=o; or there nmat be no 
nodal diameters. Consc<|ueiiily (i) reduces lo: 

xL'n - PtMkr) -h XJs^tiMl cm (tat -b'e) cm- U) 

Here the ampliinde oi vihratlon at any (joint tCc, ceases to be a func¬ 
tion of and dcf»ends only on Bc?^I faociions pi r- Since we 
shall consider orilj- tlic fundamcnial ntodc of vibration in tv hat fol- 
the snh&cripi tv ill he unnece^ary^ and W'e may snbvtitiite tc? 
for W4. 

Contimiing Lord Raykigh^s metbod of d™oristra±toii, if a flat 
circular diaphragm U cJam|icd at it5 edge between ti pair of flat 
circular rings, ihctn referring 10 fs)* we have w vanishing at rj=a, 
the clamping radius, and since there is 10 Ijc no bending of ibpe of 
the diaphragm at the damped boundary, wt have abci f i/u'/Jf) = o 
at 

Entering (a) with tv=0. we have: 

, Jaika) 

^"^>.1,^) oumme, (4) 

Also iliffcreiitiaiing vviili rc»f)cct to r, for r=fl. we obtain: 

I d Iff 

]f ^ “ //(.fco) + = « numtric, (4) 

whence 

* " “ Wiibi^ «umonc. (,«}) 

Comhifling (3) and (5) we obiain: 

Jtika) . 

J\t{iku) i'jt/lika) iiiimerir, (6) 
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This is a transceiniciHal «i{iial;iou iiivoTving n^sacr* I'wticiions of 
the wraiti and first orders. It is capalile of Ixing satisfieil by trial, 
wiltt an tndefitiiiely great mimlier of roots, each coTTCsponding in a 
possible mode of vibratbo with nodal circles, Fig. i-d indicaies 
graphically llw method ot detennining the successive roots of (6). 
Tlie points of intersection of tUc lower curve 'Aith the successive 
desc«iiiing hranches, indicate the vahies of .v = iff which satisfy 
(A). In order to Imvc the ftinilamcntal mode of vtliraiian. there 
imiit be no nodal circles, which means that the first ami lowest root 
For A-o must be tahen in th). 1‘his root U at = ■ . - Plac¬ 

ing this value for An in [3) wc have: 

>. _ —^ ^ numeric. (7) 

^ Afta lObt S '!y> 

Re entering ti) with tills value of A. we Itave for the fimilamcntal 
mode of vihratjon of the circular diaphriigtu: 

+ 0.0557 (®> 

In Fig }B, the alucitsas corTespcttid Itoih to ^:r, where 1- = i sr cm. *, 
and to r in cm., the relation living as already iMtimctl out that at the 
boundary^—a”^'1* ™’‘ and Tltc ordinates are the 

numerical values of Hesters fwiictiom as taken from Tahlcii. They 
also repcMcm vibratory amplitudes of the fUaphragm, taking the 
maximum amplilutic at the center fr=oi in microns, eorrespoud- 
ing to the heavy curve. The upper faint curve shows the graph 
of Ute first Bessel fimctioii while tho lower faint curve 

shows tile CDrre,s]Kpnditig graph of A tiimrs llic second Bessd func¬ 
tion, or 0.0557 f7.»(.iJL'r). AdillnB these two graphi, as called for by 
(3>, we obtiiin the hciivy curve, wliieh represcTits the theorciical 
omplttude of vihrntifin along any radios of this particular dia¬ 
phragm, assuming such a scale that t.Ojjb coTTeppfJiids to the masi- 
mttm Of ccjjiral ampliiuilc- ‘J'he small circles near this curve show 
the amplitudes chaerveJ with the aiil of the vihraitnti explorer. 
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Af^esdis 11 * 

Elementary Theory of the Steady Fibrafion Amflitudi of a Din- 
phtogtn yUrfOting in its Fundame»tai Mode^ its a 
Funetion of the Impressed Frequency. 

Let^i^^the vihratbii ainplUudt at the oenicr &f the flbplirigin* 

{m.Z )> 

Ttv"thc ^‘tliratbn amplitude at the niiiiiis r 
ar — vibration velocity at the center of the diaphragm 
(em/sei:- 1. }t 

the vibratioit acceleration at the center of the diaphragm 
(cmy5eC:?Z)i 

r= frictional resistance to motion of ilic diaphrEgm, re* 
feiredi to the cquivalcni nm^t fee below (dynes/ciTL 
per see. / )> 

t = elapsed time from a given epoch (seconds), 

^=cbi 5 tic force of the diaphragm per cm of tSisplaccmcrn, 
referred to the ctiuivaknt mass (dynes per cm.Z )i 
f 1 = =tiiJipT^sti\ simple harnionic rtif^rlng force on the dia* 
plirngm tending to produce displaccmeut nv and 
measured m ihe direction of referred to iHc c^iuiv- 
alent mass (dynes 

i=V—I. 

H—2Tit = the angular velocity of a simple harmonic mohon of 

ire^iuency it (radktrs/sec.)* 

fit ^ equivalent mas^ of tlie diaphragm, defined by the cott- 
djlion that the eitcrg)' of moticn of this mass witJi 
ihe velocity tb at I he center, is efptal to the actual 
energy of the diaphragm with its distributed mass 
and velocitksi according to the equation: 

^ (»)* = P r(w,)yr (0 

3 3 #lri 

whcTe ^'—supcrficLil demity ol the diaphragm 

»T!lE sign / after a unit ittiiloites a ""emuptex ijuintitx.'^ 
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since the vclodtic? tb anil being a^umeil simply liannaiije* are 
respectvely proponjcmal to their maKhniim di^!ac<^cms and 

Then on the a^sumpiions that tlte diaphragm vibrates like its 
efillivatent mass collected at ilte center, with it$ observed central 
velocity, w*ith ail elastic opposing force sit* on this maM, propor¬ 
tional to the displacement, anti with a te$btiiig force nb on thi$ 
maBs proportional to tlic vdociti ^ then the eqnaLion of motion of 
the diaphragm in temw of equivalent mass will be* 

5Ti*+r:u+dynes Z. (3) 

Tlte solution of Uiis equation, in terms of velocity and the 
steady state, xs known to be 


IP: 


r +1 




+ IJC 3 S 


cm. 


where jt U the "mechanical reactance/* and j is the complex 
"mechanical impedance," l>3^ analogy' to alternating electric current 
theory, Both ^ anil r have ihe Jiame diitiensions as r. 

The mechotiical impedanre relations are indicated in ILd 
at the left-hand side- OX and Pi" being rectangtilar coordinateBp 
the mcclianlcal resistance" r in dynes per unit veh>dty, i% meas- 
It red along OX, and is assumed to remaiti cons^tant at all freiiitendes. 
A$ the frequency tt is increased fand with it the vibratory angular 
velocity w) from jcto to infinity, the reactance = — f/u) 

varicii fram — to + « aiung the line yXV. ITic mechanknl iro^ 
pedance which is the vector sum of r and ii\ ivill In? represented 
by a complex quantity, or plmte vector Op, the extremity of which 
remuius on the line yA'y'* A( die partitulsr or resonant value of 
w, for which wfiA — the reactance vamshcB, and the im¬ 

pedance £ coincide* wjlh the resistance r. As show^n in the figure. 
^ tics alKive OX, correstionding to a v^lue of 1^ somewhat greater 
than the critical or resonant value. 

* See Iliih1kiffn.phy No. 8l 
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EquatioT^ (4) shows Itm ibe jlisplaccmtnl vetodty ib b equal to 
the impresstil vibri>-itTotJvc fonce /> tUvided hy the im|i«Uficc e. 
The locn.^ uf thi.^ velocityp ^ w varies from o to 10 mih constant F. 
beccmics a citric OMF» tht Jiaiueter OM of which h to P/^ 
cm. per while the ang^lc a of the chord OPt mcasuriug the 
vriociiy, b et[u4I of opposite sigo Lo the angle d of the tm^ 
pedance s. In the rcpfesctitcil hy Fig. liJ, the Ickphone dia¬ 
phragm No* ^ was actuated elccimaiagrietiGiUy at cotistant altertiat- 
ing’-cuiT'edL strcaglh^ under varyiag frequciiicy* At the fretpiency 
ft=992^\ the vihmiory %"ekw:tiy OM =43 cm. was a maxi-^ 
TTiiimp 3111 d was tn phase wiih the iutpressed vihrcwitioiive force F, 
At 11 = 994'^^ the aiechiiEiical imfjcdancc had increased to op at the 
angle ^=14'"^ and the vihraton- velocity imd faJlcii from Od/ to 
OP or from 4JS to 4.65 cm. per phase behind the 

impressed vibro-motive force bj' 14"", Tlie diagmni shows that 
brtweCTi the frei|UL-ticies of 9^3 and 1,074™, vector displace¬ 
ment velocity ir had thowl over nearly ilic entiTe drctiiufercTice of 
the velocity ctrde OA/P, and from a phase nearly 90* aheafl of the 
impressed vibro-moiive force to nearly 90'’ hchitid it. 

f f wa integrate (4) with restJect to time, we obtain* for the steady 
state of motion. 



This shows that the instantatiraus displaccttiml Is • times Jess Ihau 
the corresponding insianuiiicous velocity* and is 9^'' tjchind it in 
phase. If w‘t; ctiusidcr the maximiini diffplacemcnt* wc have 


il: 

m* 


cm. ( 6 ) 


The locus ai is therefore a closed aiive di?ioned from a ditk 
by the efTK?l of vary ing in the denominator* Considering it as 
an approximate cirdc for this case, the diameter OiP «imspond- 
ing to represents a rlispkeemeiit amplitude of 7.7^ 

lagging apjjroxiuialcly 00* behind the maximum velocity OM4 At 
the frequcticy qo-t the diTf-phtcement wmild lie 0^=748^^ 
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lagging 90* behind OP, As tlie irequenev varies betvveen 923 ami 
1,074 “i ^hc dtspbccnieni amplitude idmost co^'trs die enline ^ph 
of ihe appnJXimnle circle OJi'P'. conimcnring at about l/*. irearij' 
in phaie ^vlth the vibro-niotive force, and ending at about i in 
ncarlj" opiKtsite phase. These amplitudes correspond to the ordi¬ 
nates of the resouaace curve b Fig. 9. 

It follows from (4) tJiat if the vibro-moiivc force f is kept 
constant, and the angular velocm' adiusted unliS the central vibra¬ 
tion velocity is a maximum, this will occur when the mechanical 
reactance is zero, or when 


that h 

fflwfi — —== 0 

UiD 

dj-nes 
cm./sK. ‘ 



radians 

So that 

=* \r 



w 

cm. 

When the vlhrcv-oiotive force f is made to vanish in t3) witli the 
diaphragm in motion, iJie solution of the ©luation is 


wt 

vt = ff'e •* sin (mf + c) 

cm., (to) 

where W is the initial displacement (cm), and c s suitable phase 
(radtatis). If wc obtain two successive raiues of uf, (tc, and in,)* 
corresponding to two successive elongations in the same (Urcction, 
we have 



numeric, (n) 

whence 



r = awn logi dynes/(cm./sce,), (la) 

where A is the damping constant (t/scc.). 

The quantity log< (tfi/tc,) ta well known as 
dccpfmcnl of the decay curve. 

the logarithmic 
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Afpekdix 111 . 

ntcMcNtary Thtrory of Equhahriit Mass. 

In (a) of Aptwndix IL, ihe cxprtssitin lor ft[iiiva!«at mass m is 

m *- I f Jr gm. (i) 

t/vi 

or HI is ihc nusi whichp vihniiing ni rhc omlcr of ihc di^phx^ni 
mih the obsen'ed ni^udmitm niRpiiindc would liave lUe same 
kinetic cnerg>" -ds the total dLslribiitcd kinetic inergy of the dia- 
phragtn. 

lit ordtr^ therefore, to rietermine the equivsilcnt ui^ss of a dia- 
phra^i, it 1 :^ necessarj' to integrate r times ihe square oi the ampli- 
tude over its surface, AssuitiinE lhat the vibration follows Ray- 
Icigh^s Besiseh function tlicory as ntitUnei-] in A[q)endi-^ hf it sliould 
be sufficient to inteirratc over the surfacCj iimifiematically^ 

Wo arc iiiddhted to Dr^ Geo. jV Campbell for an indication of the 
solution of this integral/^ 

In (i) 

KW = J^f/4lttV+A/ft(fOll=Ptl +A> cm. {^} 

by refencncc to (S) Api^endix L, jiultitig r=Q. 

Also 

nv=P(/«(*r) +A/*(fitr)l fiJi- (31 

-■■'« - + xumr) 

-I- 3^/,l(*r)/*(♦>r) 1 tdr (4) 

- (1%: [.r • *+r 

+ j[ • ffl'J 

+ “ + WMI 

+ fei —S»jfei - tkMJ^^mika )I J, (5) 

Bihliuiintphy (tr)i CiJ)* 03)'i 





13fi KE^^K^.LY-TAVI,Oi^—EXPLOH-^TIONS OVEk 

wlicrc 

V(tr) staniU for 

But M ?rp'o* is the total tnafs of the vibrating diaphragm area. 

ix 1 

- «'7ilio)yx(»Jbj)l J. 

Applying the r^lim of (G) Api^endix ihh reduces to: 

J? ” (1 + rt' ■ 

~ iT^Ei^r 

= 9 ^ 9 : 57 !^ 

1*1145 

= 0.1 Sifts 

or, to three signiheant digits. 0.1S3. 

Tile "Kjuivalent mass corfficieni,’' o,t8i{i for this dtaphragnj, 
had also tieeit obtained hv fiuadralure mcthoih applied to the heavy 
curve in Fig. iff, l>efore the integratioa was performed ns above. 

In the case of sleci idcplKirie iltaphragins excited h> bipolar 
electmittagnels, the curves of air, r are likely to depart from limple 
Besse!'function ctirvc.s, sec Fig, 14' In such cases, the coefficient 
of eejuivatem mass must be dcnluced from die exploration curve. In 
eases exatnined, this cocfFicieni varictl between 0.2 nnct 0.5. 

A quadrature meihotl employed to find the equivalent oass 
coefficient from curves of any shape is as follows: 

Draw Uie av cun'e as in Fig. iB. Divide (he Uue of alrsdssas 
into an iiitegraJ (lumlicr 1* of anmilar rings of eriual area; $0 ibai 
each ring will have a mass of A 1 /h, where .If is the total mass of the 
circular vibrating area of the diaphragtu. in gmtin. Wc theti 
multiply this atinular mass into the square of the observed ampli- 
ttides at the middle point* of the successive atimili, The sum of 
tlifsc tenm will!« «iiiol to the prmluct of the eqnivuloii mass m. 







SliftFACES OF TELEPHONJC DIAPHRAGMS. 


m 


TABLE rV, 



1 


<► j 



.^giQO 

i-u55r 


(*-ti.U^ 

t 

.451 r 

j-aolt 

IJOJI 

i.-oOfo 

1 


.9<i3< 


-9704 

A 

.7«I4 


*94 1 » 

.KH 5 & 

4 

■poaj 

^<75 

>i07 

.8440 

S 

i 

^*33 

.154 

r749J 

6 

I.tGS 

- 79 a 

Jij 

^^93 


rafhi 1 

*“53r 

.774 

*S96ll 

S 

tnlt^ 

*711 

ill* 

-SJi* 

0 

h5S3 

*t77 

-^S 

-4&JO 

lo 

<•437 

*41 

- 63 ^ 

-W43 

n 

l-«KV 

.006 

,0J4 

-Jfi04 

11 

*'5*3 

-ST* 



U 


*S39 

>51S 

^oSo 

M 


-&Q7 


1 -*735 

sS 

1^747 

477 

K^oa 

.M4f 

1 ^ 

i.4tnS 

440 

-4ftl 

al44 


i-£ 6 o 

411 

-433 

.1*93 

la 

t.vM 

^94 

k40* 

.1665 


1.990 


jOo 

-1444 



341 

-154 

>trS3 

it 

».«97 

. 31 * 

^30 

*|i^ 

is 

a.JtO 

JI 9 S 

30 T 



lit 04 

J73 

-7fl4 

-9*97 

i4 

a.3io 

.351 

.lOJ 


as 

4-159 

W 

-W 

. 05(16 


9.409 

J 13 

-jaj 

.0497 

a7 

*344 

« 0 J 

-I 04 

.9416 

2 » 

»3*t 

.it4 


.&34^ 


aw 

4 04 

‘l|9 



*4Ti 

.140 

-*54 

.0437 

3t 

i.^x* 

.131 

.(JO 1 

.OlOJ 

ja 

».SSf 

.itr 

-(3i| 1 

1 -0154 

U 

' *|9a 

.194 

.f|9 

.9141 

34 

*.*3i 

.091 


.OO 9 & 

J$ 

t .609 

,90(1 

.o«n 

0074 

3^ 

i.7ti7 

.97(# 

^T5 

.0956 

37 

*744 

.909 

.965 

.0044 

3» 

1 . 7 R 1 

.959 

■ojs 

.0450 

39 

i.*i7 


4MS I 

-OOiO 

4« 

4*33 

.933 

.937 

.0014 

41 

T.S»9 

.049 

.9JD 

.0990 

44 

44IJ4 

9.41. 


.Cjoas 

4i 

4"fls4 

.OC6 

.910 

0004 

44 

»-09a 


Jlij 

,CM^3 

4S 

1940 

,09Q 

.9rl 

.OOlPl 

4*'^ 

J.909 

.096 


.099116 

4T 

I'-JOJ 

.904 

.94*5 


4* 

3^140 

.Aon 

(rti 3 

OOOOOfl 

49 

3-*S> 

.091 

J90I 

.OOIMJOI 


3.ltlF& 

.090 

.HOO 

009009 































134 


KEX^JELLV-TAVLDE—EXFLO^^ATlO ^:5 OVER UHl 


tmd the ^tiarc of the niuxiinunt observed iUi)[ditude nl ihr ccfUcr^ or 


m 


M 

»«?™ 


gni. (;) 


"rhe preceding Liblc mJa forth ihii process for the curve of Fig. 
drawn llicomicatljr^ and checked ohscrmtionallyi with 11 = 50, 
or the dhiphru^i divided into 50 antiult of equal tnas.^. The resnit 
is that the cf|wivitIcTit imss h 18.3 f>er cente of the actual ina^ss of the 
vibrating area. Thb resuik checks tliat oUainerl from t!ic mathc- 
malica! iniEgratton oi l!ic Hessel mrve. 


Ahhntigh 50 antuili of ec[iia1 area anti mass were taken in the 
case aljpve worked out, iSO as |o nttain a foirlj high decree of pre- 
eifiion in the cvahLatvil cijuivaferit-mafis cocfficir-td J vet. lor itiatt y 
purposes, a suffideiit degree of prccistnJt might be attaineil by taking 
oidy (D such equal cmoular areas* 
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I 

TABLE OF SVlklBOLS. 

•i=R 3 diui of the diaphngnt clampiiig-cirde (cm.), 
a, “A plutsc angle nwaiittred OFOtind the thaplinigm (ndbiu), 
ft = Tblckmas of the diapbragni (cin.)t 

A eonftant of Uic fuaterial dI tlie diaj.i'Iiragiii (cniyKcood a ), 
d=Sign of differentiation 

A=Uam|>ttig constant =; fr Itnf, = r'2»p (second'*), 

f=Tiinc-j)hase fradbns), 

<=^-Ka[ieriaii logarithmtc base (nuiiieric), 

fni(ifeMe(l simptc hamiontc nioeTiig force on the 
diaphragii) (dynes)/ 

/j =1 Statical tensinn (dyiits) , 

F —M axini nm vahie of a vitmitory force ^dyncis), 
f= V — * (numeric), 

■^■=A Bessel’s Function of the utit order (tiiinieHe), 
i'^The Jirst derivative of / ivitli res|>«;t to r (numeric), 
^=A coiislmit of the material of the diaphragm, dehnctl h>' 
k={V»}/c (.cm.-*), 

£. —Distance from mirror lo scale of explorer (mt.), 

^ — Kadiui ami of smalt mirror in explorer icm.), 

A —A eonsttinl satisfying houndory conditions (numtiric), 

Total mass of diaphragm (in Appendix HI) (gm.), 

— Maffnification factor of explorer (numeric), 
m = Erpuv3lent. mass of the diaphragm (gin,), 
fi — Micron, 10 * cm. (cm-*), 

of clia[iltmgm vihmtiun (cyctcs/seeoiKl), 
Ho^ResOHatit fre<iiiettcy of diaphragm vibration (<ycles/s«), 
*»— Niimhcr of annular rings in c<iuivalent mass ihcory of .-Vpp, 
111 (intmcric)t 

n (SuhscrijIt )^ Number of nwtal diameters (onlcr of Ressc)*^ 
Fimcnton) (nnuieric), 

Constant of tuniifiludemiagnitmle (cm.), 

(numeric). 

Angle in the explorer between the plane of mirror and plane 
of diaphragnt (deg,). 

fl = Young*a moiUitns for diapliragm material (dynes/cin.* ) , 

r'^Fricticiiial reststanee to motion of diaph mum , 

cm./see. 
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f"=DUiaJtL!c akiig a radium (cut,)* 

/^—Densky of dbptiriigm cnatenaL (gTEL/i:m.*)p 
p'—Suiicrficial ddt&iLy of dbphragni (gim/ctn.*), 
j^:= Ela!itk force of diaphragm pet cenliniiCtcT of dispbcecnent, 
TcferreiJ lo equipollent mass (dyaes/oQiH)^ 

^=Pot£son"a nklto for nijxtenal ot iliaphtagm (numeric)* 

3£ = Sign of ^lOxioiaJtioOr ' 

r=Time dapsed from a given epoch (scconda)^ 
d=AiimutVi angle measifred on Burface of diaphragm (radians) 
p'inf. V ibro - motive force f dynes) 

Initial di^splacenicnl in a vibralury motion (tW-)* 
w and = Aiuplitude uf a fxi^inl on surface of diaphragm for fun¬ 
damental mode of vibration (ctiij ^, 
trv=j:\inpKtiJ.dc of \ibtalioii of u point at raditis r from center of 
diaphragm (cm.) £ , 

ie* = Instantaneous amplitude of vibration (cin.). 

Maximum cyclic amplttude at center (cm.). 

Vibratory vclrjcity at center uf <liapltnigm 
w= Vibratory aecelemlioh at ctmter of draphragm (crrt.y^seCp^*) 

—Static;it disptairenierit of center of dinpUra^ (cm.), 

£r:=i( Pti^^s/iA '"Mcdiaiiical reaettmee"' of vibrumgdbphragm 
fby anahigy lo alternating-cur rent iheory) (dynes/(citi.y 
Fcc.Jl Z» 

r=s(r-Hix) '• Afechatikal impedance '* of vtbmting diaphnsgm 
(by atialiVgy to aUernatifig^itrreiit theory) tdynes/(cm,/ 

W —2ir#t=Angukr velocity of vibratory moiton (raiJiEm&/MCL), 
*#,s=^2ffff„^ Angiiikr velocity at resunn ncc (radians/scc), 

35 Infinity, 

^ =Tbis sign after a uiiii inriicales a '" complex quantity/' 

^ = Cycles or vibrnLions per second (cyckA^/sicc,). 


THE RITLING ^KSD PERFORMAKCE OF A TEX INCH 
DIFrR.\CnON GR.\TrXG. 

Bv A A. MICHELSON. 

(KfaJ --j, ms.) 

Tlie principal dement in the cfficiimc>' of any spectroscopic appli- 
tuice i£ its resolving [xjwer—that is, the power to sqKiratje spectral 
line's. The limit of resointtem is Uic ratio of the .-imalfest iliffcrence 
of wave-lcnpth just dtsccmible to tite mean wavtlength of the pair 
or groufi. If a prism can just seikinite or resolve the double yellow 

line of sodium its limit of resolution tvUl be w approxi¬ 

mately one one iliousrmUth, anti (he resolving powJu* is called one 

Lniil f ifei) tli^t light cnuld be analyzed 

into its constituted colors by difFraction gratings thla analysis wa.s 
effected by prisms ihe resolving power of wliich has l>ei:ti ttrailuallv 
increased tti ahnut thirty thousamJ. This lunit was equalled if nut 
surpassed by the cxcdlcin gratings of Rmherrord. of New Yorh. 
ruled by a diamond poitii tm siieeultnTi metal, with something like 
ao,ooo lines, wilh spacing of joo to i.ocxi lines to Uic udliimetcr, 
lliesc were superseded by Ihc sti;Mrh gratings of Rowland with 
something ovis* one huinlried tiiousaild tines, and with a rcsolviiig 
power of 150,000.* 

Tile theoretical resolving power of a gratiitg is given as was first 
shown Lord Rayleigh by the ftirmiiia R = wiii, in which e is the 
total number of tines, and m the order of the spectrum. An e<[uival¬ 
ient expression is furnish c<] by 

I'+sirt 9 ), 

.. gratinjf* now nite^t 00 tbs Rourlvnd eaginr Ifav* a. iriudi 

litBtter tesolvin* iMwer—j'rol'altly 40Agon 

raoc. 4uea. not* tiv. sry J, nirrai' ;trtT y, t^rj, 

IS7 
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where t Is the loial kiigtli of the ruled surface, A the wave-lmgth of 
the Hglit, I the of iuddence anri & the angle of difFruction, and 
the majdmum resolving i^iver which a gratuig cau hare \$ that 
corresponding to i and each efiual to 90® whkh gives if—if/As 
thai is iwdce the numb'cr of light waves in the entire length oi the 
ruled surface. 

This shows that ncitlier the closeness of the rulings nor the totaJ 
number deteruime this theoreUcal limit, and emphasizes the im¬ 
portance of a large ruled space. 

This theoretical UniH can lur reached, however^ only on the coti- 
ditbn of an extraofdiixar^^ degree of accuracy' in ihe spacing 01 the 
lines. Several methods for securing this degree of accuracy have 
been attempted liui none has proved as effective as the screw* This 
must be o! uniform pitch thronglioui and the periodic errors must 
be extremely smnlL 

For a short for exaniplt one ^nfhdent for a grating two 

inches m length, the problem is not very liifficiilt, but as the length 
01 the screw increases the difficulty increases iti rntich more rapid 
proportion, it waa solved by Rowland in something over two 
years- 

Since this time many proWcitis have nri^en which demand n 
higher resolving power than c%'en these gnitmgs could furuish. 
.\iuoiig these is the resolntida of doubles and groujis ol liites whose 
cooTplexity unsmpeclwl until revenlrd by ilie iutcrferomeicr and 
amply verified by subsequent olxservatioTis by the eehclqn and other 
methods. 

Oibcr^ that may Iw nientinuctl in this conucaioii are tlic study of 
the dlsirihiilhm of intensities wilhm the spectral tinestheir 
broadening and displacetnent wdth ^etnpcrcittire and pressure; the 
effort of magnclie and dectric fickle, and the mraiitircmciU of mn- 
tioiis in ihe line of sighli as revealed by earrts|x;tuhng displacement 
of the 5|n:ctrid lines in consoquentc of the Dojiplcr effect. 

AJl of llitse have bctn attached whli considerable success by 
ohserviUions wilh the echelon, the interfenjmrter and the plane- 
parallel plate. T1ies« mcthofls have a very^ high resolving power, 
but labor under the serious disadvantage that adjacent succeeding 
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5pc{!tra wcrlap, making it to interpret t!i«i rtJiuUs with 

certJiinty. 

Some twdve yftar$ ago the construction of a mljog eoglne 
miJcrtakcn wUh the hope of ruling gratings of fourteen inches—- 
for which a screw of something om twenty Inches is necessairy. 
This screw was cue in a specially corrcelcd latlle so tlial the original 
errors were nol very brge, and these were reduced bv long attrition 
with veiy fine materia! until it was judged ih^i the residual errors 
were sufficiently small to he automatically corrected during the 
process of ruling. 

The principal claim to novelty of ireatincnl of ihe problem tics 
to the application of tnterfercnce meUiod to tlw tncasiireainit and 
ciimcction of these restdiml erroni. 

For this puqKsse one of the huerferometer mirrors U fixed lo 
the grating carriage, while a siafidardp consisting uf two mirrors ai a 
fixed distance apaitt is attached to an auxiliary earriag'e. When 
the adjustment is correct for the front surface of tlie sratnlanh 
interference fringes appear. The gnitiiig carriage is now moved 
through ihc Icngtii of the standard tone tenth of a millimeter if the 
periodic error b to he investigated; ten or iiiote milibitelcrs if the 
error of run is to t« determine) when the interference fringes 
appear on the rear surface. This nperanon is repeated, the difTcr-^ 
eiice irojti exact coiiicitlenre of the ceiitral (achromaiic) fringe 
with a fiducial mark lieing measured at each step in tciith.^ of a 
fringe (twentieths of a liglii-wavc)- Aa a whole fringe corresponds 
to one liuiidreci thousandth of an inch^ the measurirtt’icnt is correct to 
Within a mllUoiiih of an inch. 

The corrcsticinding correction for perio<iir errors is transferred 
to the wonn-w'hcel whicli turns the screw'; and for errors of run to 
the mit which moves the carriage. In this way she (itml errors have 
l>Cen almost completely vlirninatefl and the rcsuliing gratings luive 
i^cry nearly realized their thcorctloil efficiinicy. 

A number of minor poifils tnJiy be ntentionod wdiich liavt con- 
triliiitetl to the success of the uudertakitig. 

(n) The way^ which guide the gratiitg carriage a$ wdl 
those which control the motion of the mtiiig diaiiumd nui^l be very 
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true; anfS the&e were sti-aighttued by applicmion of iaji autU'Ctillimal- 
jTi" device which rnade iJie deviation from a stradfhi hue less than 
a secoitd of arc 

Ih) The frictfdii of the graim^ carriage m the way3 was 
ditnint^hed to al>oui one tenth of that due to the weight (which rnay 
amount to twenty to fort)' fKiunds ) by flowing oh tnercur)-. 

ie) The longituclina] motion of (he ^crew was prcretitcji hy 
allowing its sjjJicrically rounded end l.o rest against an optically 
plane surface of ilfaiiiond w-hicli could he adjuaicd noniml to the 
axis of the screw. 

(d) n^e *rrcW' was lumeiJ hy a worm wheel ( insteati of jxivvl 

and ratchet) which a sln^plc and effective correction of the 

jjcriodic errors of the screiv throughout ils whole length. 

(e) A corrcsrting device w^hich ellflimalcs periodic errors of 
higher orfkT$- 

{f) It may l^e added that the nut which actuates the carriage 
hafl litaring surfaces of soft metal ( tia) instead of wodd, as in 
preceding machines it wa$ nni fmiTid m'ce&sury to itncl:iiniJ the 
tint in hriiigiiig it back to the starting point. 

Finally ii may he noted that innaifl of ailiJtn|iiiiig to diintnulc 
the errors of the screw by long continucfl griiuling—rchirh inevit^thly 
leads to a rounding of the thrtads~it has lieen the main diject to 
make these errons cottvciiiciitly ^mali' hut vsiicctally to imike them 
constant—for on this constancy dqieiub the possihtUtj of aun>- 
niatic correclion. 

The accffitnivaiiying pHnlngfaph nwule with a ten-inch grating, 
6th order (airlua! rtiltil t^urface y-4 indtes by inches), used in 
the Littrow form wiih m oxcejleut i:l-irich lens by Brashear, Es given 
in evidence of its peiTormauec, Tlte resolving jjower as i^howii by 
the accompanying scale of Aiigsirihu imits h about 450.900. The 
original negative shows a resolving power 01 alH}ut 600.000. Tlie 
theoretical vn]ut is 660.000. 

Doubtless the tio^sihilhy of ruling a |n.Tfect grating !>y means of 

the Ughi vrtivts af a homogmeous source has ocetirrctl lo many_ 

and indewl this was one of tile methods first allcuiptetj. 

It may still prove entirriy fcsiildc—and is itill held iti re^rve if 
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$mDu^ ili^kiilty IS cti^amitcrifd in an HtU;nipt n«w in prc^ess lo 
produce praltiigsi of twenty mcllw 5r tnort Siich a ntethfx) m^y be 
made panly nr eompleEdy aittomaitc* and wonld \k m<le- 

pendent of ^rews or other instnimental appliances. 



K^iuAK^ME^t OE riitrio^Aen or tiiE unEot ii£iH!uiv us^f. taki^n 

liry H, I. l^iuii willi lo-tnch liitjractinn in swUi order, Sca^e: i 

iHrl 4 wn=^iLor mted rarfaet in. in-i *t,7O0 lines per inch. 

Mounted in Littrow form vrith ft-hictk Xn\% hy Ftrathear,. Ff^cal jd feci. 

it may be pointc^j out thut im even simpTcr anil more direct 
application of liplit-wai^ frboj a bonio^paieoiis sjiurce is Oict^relic- 
^ly pci&sible anil pcrhajtA expcriincmtally realisable. 

If £1 fKiini smnre of sacli miHanoas send ita light'to a 
collininiing fens and ttic rc^ullltig [italic xtnves are reflected at normal 
tucfdcnce from a phm ^urfaix, i^aiinnary waves will k" rtci up aii 
in the Lipfiman fdaleii these will imprets an inclinefl photogrtiphie 
pkte with jianiltel lines as in ibe experiment of Wiener; and the 
mily limit to the rcsnlving i^owTr of ibe resulting itmting %» tluit 
w hich dqKiwlv on the degree of hnmogeneity of ilie light w^ed. 
some of the eon^iitucni^ oi the rartiatioiiE of nitrettry have been 
ishown to he ca|5;ilile of interfering w ith tfifTeftnce of path of over 
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a ToiUioTi u^avK, such as grating wniild have a r^sohiiig pow^r 
exceeding a miliion. 

This investigaticEa has had assisiance from the Fund of 

lltc Nalional Academy of Science^ from the Camegie lustittition^ 
and from the Utiivcrsity of Chicago. 

In addition to the gratefvil acknowledgment eo these instiiutigns 
I would add my high ^pfeeiation of the faithful services rendered 
by Messrs, Julius Pearson and Fred Pearson. 


THE CONSTITUTION OF THE HEREDITAKY 
UATESIAL. 


Bt Z ET. MORGAS. 
iRtad Jj** 

Ther? are ways in whkii ihe reliiiion of ihe egg to ibe 
characters of the mdividual that develops from the egg has been 
inteqjretcd. 

1. Hie egg has thonghl oi as a whole and the characters 
of the indivldmil as the product of its activity as a unit. 

2U The egg lias been tliought of as oiadc up of representative 
particles of sort that stand in a definite relation to (he parts 
of the individiui] that Comes froin the egg. 

Wdsmann, whose spcctiladons occupied the forefront of interest 
at tlie dose of ihe last centurji adopied the latter view: namely, 
that the germ is made up of purtidtiSj whidi he called detemriners* 
Far Welfitiiaiid tmhrj^ontc development became mercb' the sorting 
out of the particles of the germ to iheir respective parts of the 
cmhtyo. Each region of the body owetl Us p^culiarUies to llie 
particles that came to it by tWa sorting-out process* In fact^ one 
may go SO far, I thiniCp to say that Wrismattn borrowed from 
Roux this itarticnbr form of the preformatioii in order to give a 
(ormal explanation of rwffrryeniir di^ereiiffnti^w. But Weisniann^s 
throrii" pnon countered three scrions reverses. 

In the first plact» the study of the minute stnicture and behavior 
of the segmenting egg shows no evidence tliat any siidi sofitng-flUt 
process takes place, as Wcisfuattti positilatcd. It hos bttn shown 
liiat the chroinosomes divide ecpially at every division, and that 
every cell of the body contains the entire complex that wai present 
in Ihc fertilijsed egg-ccU itself. 

In the second place, il was shown that the sapience of the 
dea^'age planes of the egg could be artificially altered* yet a uamtii] 
emhry'O develop. 

un 
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In tht third jilacc, ii was s!h>wii that in somt tggs each of the 
tirst trttt, or first four cells derived from the cgjj is raiiaLlt uf fonti- 
ing a ii\'hoIc emhn'o. This result crcatci- a strung jiresujiiption 
against tlie adcijnaL-y of Wtismami's iiitcrpretatTun of devdopment, 

Mcanwhite (me nl the greatest hiological discoveriK of the last 
century—one that bail a very direct bearinj^ on the traditional In- 
terprelatiotis of predelcniunntton — was forgouen. I refer to 
Mendel's worls. Mcniid jhotetd that wlieu two rdaicd organisms. 
diiFcrifig from each other in a single character, are crossed, and 
their offipring are again bred logctlwr. Hint in the «ojiid genera¬ 
tion individiials apjicar thal are like their grandparents. He showed 
that (ht nrumcricat projMjriionSi in whitli itiev appear, eoidil he 
explained on the assumption of one factor ditterctiec between the 
original fnnus. This result might Iw interpreted to mean cHttcr 
that the two original germ celts, tafcai as a whole, reprcsctil mch 
a factor dittercncei or it Tnighl he inierjireted Ki mean that the 
original germ cells had one juirticiilate iliffcrenet. lint M enjcl went 
further, and showed ihat when two relatctl organisnis that differ m 
two, or three, or more different dutracters are bred lu each trtlier, 
all imssihk coiubiiiatiuris gf the urigitial characters appear ialcr, it 
mighi seem then tliat we must ahandon the view that cadi germ cell 
is to he ihoughl of as a whole, tor tve see thal the part.s of each 
can tw separated to befonic part? nt otliers. In this sense McndcTs 
restths st'ern lo fnmUh a lirillianl cotifimiatinn of VS'tiimanii's 
theory, in so far as it relates to prefonnation In the germ, ami in 
the last ethtion of his '' Vortr^ ndwr Descendenz Theorit," WVis- 
nenm put in hi* daim to lllis ccrificatinn. 

In fact, Mftulors iJiscoveo- doe? fumisli ;i strong argiiiiient in 
favor of (hai jwtrt o( Wdsmaita s view ittai drals with the con¬ 
st it ut ion of Qie genrHpla.Hm, but it hy i>iv means ctmfimts iliat |,iaii of 
Wdsmanii’s iheory which posiuhtc? that ctnbryoatc devclnjniicnt 
is a sorting -out process of rtprcsetilaiive parlides. 

Let ue lurii „ur attention, ttan. to Mendel's law and cxamiiie la 
hnw far it liistiliw an nssumjrtion that there are speelTic sulnaiicM 
m iha gemn tolls, 

Mendd-s taw postnki^ that the early germ cells (ami it maw 
H* addrd all of the Imdy celts too) coninin two of cadi kind of the 
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licrcditary fuctors*—^>iic frmti each of ht part^iiis, Mtsx- 

]£iuU' [joittulatk^ further, thuu iu the ripening of ific genu cdb« 
the members of each pair dejmrutc i), E^ch niEiture genn 

cell comes lo contain but a single eJcmeni (or fuctur) of cncli kiiiiL 



i^r.. 1 . Diaj^ram to i||ui;tnttc cf (actofSi Tltt fy-ur ji^irs ol 

ficlori firpncfmtrd m ibc circle by A A, It B, CC, undergo sijgrqsa- 

IH7I1 ^ that Mcll Bffffl cdl com-n to contaJti nme ntirtnEKr of each jiair. 

N’ow of cytology hnd ntiite hidcperulcntly come to thf$ 

^nic coiichisiori iu reganl to the germ cdl*. Iliey^ liail four id that 
ciich cell contains n tlefinlte ntttnlHr of chronkosomes, nnd that there 
Are two of each kind of diTDiiuisomcs in every cdk—<inc from 
t>areiit (Fifi;. It had licen ioumt thin a: the rii>eniiisr of the 

gtmi cells tilt tiivnitrrri of eoch ;valr of chrOFnosQmcs conjugate 
{Fig* 4. b}^ pint thifi iC|Kirnte fDoni each oihcr (Fig. 2^ eh !^i tlnii 
each mature genu cell ci^ines to comabi bin a single sel of chroiTif^- 
soni« (Ftg- 2, cf)^ Furtitcriuorc, students of cxpcrLmeiital cm- 
lirj'oftig}^ liai! dktaiiied inElqMrntkJd cvbkiici: pfiinihig to thcdirortm- 
ftome^ as thr hearers of the licrcdkaTy tnaterinls. 

We hiuk tlicu, thiit cyiolugi^ts liad discovered n mcchutii^iH 
in the cell that they had rcasun to thtnh was the iHrarcr of the 
liCrcfhtaTyi- materrafs* and tliar the medianj^m fulhlls the cssemiat 
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miuircinciits of McndcVs postulAle*. Thtre ivtrc Liv* further 
Ti«cts$ary to bring: the t%-o Hues of itittiiJty into completi! accord; 
tmnclyj f i) rarrespuiitjtrnte I>et\veefi thu number of the dimmer 
sorties attd Ihc groups of inlierilcd diajaelcrs^ and (:&) the tutors 
cliunge Iwtiiii'eeti the membert^ of the ^nie pair of cIvniinoHUme, 



Ffa 3. Diusram lo illtjjiraU 4egri:«ati<»R vA T}ie Jqiit 

pain oi chromosomes m ihc itpper circk (in), conjiifraie k 
stAge)t prepare lot iiepamiaTi b (r) and undcr^i^ K^rcgaliuiE <o that eai:h 
germ ccU {<L u* cemtain ahc tiictnber of tacli pair. 


The ntitiibcr of chronroiOmcii Ls iiinall in euntpan^n with the 
large niinilier of different characters that sm animal or a jilant 
str&ses. We should expect therefore if in any animaj or [ilint 
a. sufhdent Rumber of cJujrBcter-differmcejfr were known tliat the 
characters would Iw found to be inhented in gtotipa, and that the 
number of such gnsiips should be the miiuber of c1ironi&??pmc (Mdrs 
that siich an aiumiil or plant pos-ses'seSi In very few cases tiiwe 
enemgh dtUTacters been found to make such a comparison of any 
value. 
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But in ihc fruit fly. Dr0sofkita, that has been hu^nfsivcly studi<!d 
for five y«arSj over a hundred ueWi and inherited charairtrrs have 
atf^icatei]. "Hiey fall imo four great groups. A [larttal list of the 
four group"* is as follows; 


Gfioirr 1. 


Giiufjr IL 


A1jn(krnul 

Bar 

Uififj 

lUjw 

Clitrrry 

Chrome 

Qcfl 

auti 

DejiresKd 

Dctird 

Eo*b 

Facet 

Forked 

Furrowed 

Ftiwl 

Gfccn 


tmoa 
Lrtludv, fj 
Mittialure 
Notch 

RodupEicated 

Rubv 

Rudimcntij^^ 

Sable 

Shifted 

Short 

Skeo 

Spc)oit 

Spot 

Tatn 

Trtmeate 

VermsFen 

Whhe 

Yellow 


Gksut hi 

Sum*. 

Rand 
Bead Cl J 
Crtiam III 
Dcfontied 
Dwarf 
Ebony 

Kidney 

Low cfoBjingovcr 
peach 




P-^-^orri 

Abdirmm 

Amlered 

Winit 

Hyc ^ 

Aptrnna 

Wing 

Vefuiiou 

Arc 

Wing 

Wing 

BizIUkui 

Venadon 

Eye Color 

Blade 

Body color 

Body ^color 

BUttered 

VVlfig 

VetmUgn 

Comma 

Thorax mark 

Wing 

Ctntfltient 

Venation 

Wine 

Cream 11 

Eye color 

Tliorax 

Ctm'cil 

Wing 

Eye color 

Daeh^ 


Oimnstidia 

Extra vein* 

Vcjintioii 

Spine* 

Frtnjfrd 

Wing 

, 

V enatioii 

Taitmy 

Liflihcd 

Wing 

Atxkpiuiniii hand 

Body color 

Little cfOHQver 

TI ^rotivoiflme 

Wlttif 

Bdonila 

Onimatiifiq 

Body color 

Olive 

Body color 

Die 

Plexus 

VciiBUon 

Venation 

Purple 

Speck 

Eye color 
Thorax mark 

Eye color 

Strap 

Wiiag 


Strtu 

Paiteni 

Wingi 

Trefoil 

Patteni 

Body color 

Tmiicate 

Wing 

VenatiDCk 

Vdiiffwl 

Wing 

Wing 



Wing 



Wing 



Body color 



Am tana 



ww 



Eye color 



Eye color 



Body color 




Paitero 
Wiing 
Eye color 
Eye 

Size of Ixsdy 
IkNiy color 
SLee oi b^y 
Eye 

Til chroroosome 
Eye color 
Eye color 


Bent 

Eyelcir 


Garatj^ IV- 

Wins 

Eye 
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Gkoi'f ITT.'— 


Pinli 

Hough 

Siaf^hi 

SciMn 

Sooijf 

Sprinclcss 

TriiJcftt 

Trim cate ktcnsf. 
WhiEchctuI 
N\Tnlc <Ketli 


JLrtkm 

Eye color 
Eye 

E^c cokir 
Eye coUjr 

mMly <:o!qr 

Witi^ 
PaEtem 
Wing 
Pallcm 
Simple i^e 


The four of chrtuTiDfomcs of DrifsopMh arc shoftTi in the 
next iTbgrani, Fij;. 3. 


9 


a 




ly 


• I Y 


Fic. j, fJti^iii rtf the fnur paifu af dmitnrt«flme« of PrijHj|.liita amiict. 
oplirla; to iJie kfs ih« chrom.mnvM of ihr (etude; to tlie fttthi thwe nf 
the iiralr. 


1*he eoTrtiiionden™ between the four vliaracter groti[» ,ini| the 
four pnirt of dirojiios(imt;s Is obvious 01*01 Ui Itic sixe refations* 
Tf^ rdaliwj, or vorr«|>oiHleficc. docs not however tell us 
ihing III fWj^ to the vray hi w hich the chromosomes Maud for the 
diameters of the So faj*, the rffsiiii mily slujws^ that the ettar- 

a^ers nf a ffivcii gmtip art* In sottie way reprcsoiteil in a (xinieuhir 
chronioMima Our w^rk hto, howeven ctirricil us heyotui this tHiim, 
I may illiwtrotc Ms by im exaiiipk- from the first comainiiic 

sex hnkcir duiraclcr.^. We mean hy uex linki-ij duiracicfs tliat tliev 
frillow (he fcrmwit ilistTihulinn of the X chrooinsomcs. For hi* 
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stance* I he facior tkil dci«:!nitiiits the i;ha47u;ter for cyci b 

linked, as is ybn the factor that fldcmiiincs the cllaracter for 
miniature nnii|js. Jf wk cross a femato with W'hitc eyes anci minia¬ 
ture wrings lo a irutk ivith red and ]mg wings, the sotif^ will 
have white cyc.% .iml tiiiniatiire wings. The exphnratioii of i!ii3 
Tcsnlt is fotmd in the distrthution of the chromosomes- The stm3 
get ihcir single X chrottiosoincs from iheir niii&ther. Hence they 
shotv the cha-ratlet^ that this chroinosouvc carried tti the njulher^ 
who had white eyes aiu! miniattire w'ings. The daugluers, how¬ 
ever, get one of ihctr X chromosomes from iheir father through 
his female protlucing sperm. 'Fin* ehroiiuwome carried a factor 
for red vy^ and another for long wings* which factors tfominate 
those curried lij the other X chromosome that the cknghicrs get 
from their mother, namely, the factors fur white eyes and for 
miniature wiitgs^ These relaliotis are eIiowti in Fig. 

If these daughters and sous are !>rct! to each other thty product 
four kinds of individuals, vir.^ red long, white minialtire^ red miiiia- 
ture. ami while long. 1‘htse are the foitr classes lliat Mendcl^s iaw 
calls for, blit they do not occur tn the Mendel inn proporrion 
’When iwti pairs of factors, ns licre^ are involvctL 
The reason for thi^ is tvvo-fohl. In the first place the female alone 
carries two X chrumosomep. The male carries hut one- Hence 
there ts an uneifiol di^triLmtion of the X chroinosowie-S in the 
sperfiLato^oa. for, only half nf them can get an X chromosome. 
Ilicbi* lire the kmyite-pnMiudng Tlic result b, has 

l>ceti s!mwn, thiu in the first generation the sons inherit their single 
X eliromosQine from their imiilier and rifnie of the donitnant chjir- 
atiei^ of the father* Since in ihb cM^ the son^i carry nti dominanl 
hwTtor either in iheir X hearing (fcntalc proilucntg ), or in their 
Y Itearing (male pttHluemg s(»ejniL Lhc second gccieration here 
reveals completely I he eoiTtpotfition nf the egg celb that the 
fcxnulc carries. 

Cm Mendefs law^ at mmloni assorltneiil of livti i^ina of factor.H 
ivc shuuhl expect the femr clas^ tliat here ap[jcnr in the second 
generation to t>e etinal in riurrtber. On thr contraiy wt liiul that 
two of them arc twice as nmnerous the olher swo. On iiispcc- 
lion we sec that ike two larger cla&scs arc wlnxc mniiainrc and red 
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Fla 4* lltajiram to ibow iLr. itilicritoiw of two [diIh of rm»iv« wx 
linlccd cbxnictcrs. vU- white eye* CWj and tninJaluic winfi i M), The nor* 
mat. (lomimint a)ltU>mur|khi oi these facinn are eifaiii«L 
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long, llic^ correspond to tlit two grandparcrits. The two sjunllcr 
classes white Ia(ig and red miiiiainro. 

We can accminl for this restik if we assume first that the iivo 
fnciors that went in together in iht same chromosome tend to hold 
together* This would account ior the two larger Secoml 

that the two amallcr are due to interchanges between the 

two X chroniosomt-s. Such interchange would here take place only 
once in liirec limes* 

We can test this coficlitsion hy plamihig the cjcpcritneni in ^uch 
a way that w'hlte and minhiture now go in from o|>]iosile ?idc3T— 
ivhite from one iTsrent, and niinintiire from the other- \Micn we do 
tills ive find that the large classes in the second (bpck cross) 
generation will be red miniature an<l white long and that the small 
classes will now be red lortg and vvFiile minlatureH The ratio of the 
large to the small classes will l»c exactly the iJsnie ^ m the first 
da$e* In other words the itticrchange lictw^een the X dirtjmnsomcs 
IS the same regardless of what factors c^ch coniams. 

If one admits that the chromosome^ are the liearers ol tlie 
hcretlitaiy faclnrs lie is forced to admit tliat experimciits like these 
prove that somehow' interchange of tac^ors in homologous chromo¬ 
somes must occur. 

If one thinks of the factors as lying in a linear ^eriirs in the 
chromosome (and diere is cenain evidence iliat I can not consider 
here that makes ihis view' imperative) then the chunee of a crossing 
over taking place simicw'here tii the rcgisiii Ijctwccn two |kairs of 
factors would be griKiter the farther apart the lactrir? lie. The 
percentage of limc^ that crossing c>ver lakes place becomes then a 
me^nre of the ilistance apart of the factorif in question. Tf W'C 
make this nssumption we find that wc enn give a consistent explana¬ 
tion of everything that W'C have found (it the inheritance of linketS 
factors in Dro^itl^hita. Kol only thif* hut a far more importanl 
fact corncs to light. It we f let ermine, on the aforesaid li5i?iSf the 
relation to each other of all the known factors in each of the four 
group, ihcn, when a nvw factor a|q>tar5i we need only deicrminc 
ils group and Its rebtinti lr> two factors in ihal group. With this 
information we can preilict its relation to alt other members of that 
group. In other words w^c call predict what the mimcrica! relation 
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will be m the second generation, lliere Ss no other way as yet 
discovered by iiteHns of which this; relation can be predicted 

If we compare our coiiceptioti of the structure of the germ plasm 
with that of We»iTi;iTin we fmd in all of his; writings otcept the last 
one, ttiai he supposed the chrontosomes to be alike and that each 
consisted of a sericis of ids that cotjUtined the totality of the de* 
tern liners that inUuence development. 

It is true that in his last writing he ^mrtialty abandons his earlier 
idea, of wfialir ids fur a conception nearer to ours of ^itrtiui ids ,—at 
least for some of the determiners, ht this respect his view more 
nearly a{rproaches the one here maidtainei!. Hnt even then hig view 
nut being based on niunericnl data would leave us entirely helpless 
in explaining tlte plienomena uf inheritance in any ]uirtictiLir ease. 
Without wishing tit the Icail to detract from the value of W'eis* 
maim's brilliant apeculnticm, nevertheless the tliffcrcucc tu the tviiy 
in which the concliifinns were reached in the two cases is unc of 
ftnuhimcntal sigtiificimee in all sdmtilic work, rhir view ts based 
on accurate ntumerical data that enables iis to predict what any given 
result in this field will tie. It is this power to predict tliat gives 
significance 16 a sdcmilic theotrj-. In this regard we Iwlieve that 
our inlerprelatioti is ti lung slep in iidvancc of the (inrely imaginative 
contTcption of the germ plasm that Weismann advauced. 

If now we bring our crnn'cpttDii of the gemt plasm to bear on 
the problem of developnumt we tuvc a very different view fioiiit 
of that process from the one Weisnumn pictured, 

\Vt think of every cell in iht luidy containing one scsi of chromo- 
somes received frotij llie mullier pliia one set from the father. The 
materials, carried liy these chromowmes infiuence development in 
their entirety. Althungh wc arc able to lucalijsc certain nuitrriiiU 
in the cliromoiiotiics that when present cause the ryes to he white, 
and uthers that cause the vyvn to he red, we do not mean that thesJ 
materials in ihe cliromosomcs gn directly only to the jarts ihal show 
the\r influence more martetUy. We mean that given .me kind of 
imlcfial and the rest of the cell there i; cbliorated a white eye; 
given a tliffercnt nKttcrtal in the same locuft it produce*, in con^ 
[unction with the reel of the cell, a red eve. 
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To say that itie germinat itialcrtal that makes a wliife eye is Uii- 
fereni from tbt germitmt matcriat that makes a red eye is a plaii- 
ttide. But lo be able to locale a particular material m the one case 
m rflathn la other tntitrriah is a ver^" difftsfetit matter, because by 
niiCanj of this mformation we arc abk to eaplaiit the resiills on a 
tivechanislic basis, and arc able to predict the results of untried 
eombmatlons. Without this infonnntion ilic prcdictloti would be 
impossible. 

Wc arc led then to a third conception of pretletcmiiiiation, It is 
thisl That while the hwedUary material Is mafic up of tlifferent 
discrete and separable particles (chemical substances) that have a 
detitiitc jnsltion Ei» the chromosomes, the clTccts of each of th^ 
particles must be suptmsed lo be produced in cwnibination with 
itiatrjTj or even with oil other parts of the cells in which they are 
contained, 

Cclcudu UuivtisnY. 

Nrw Yfwe. 
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SPONTANEOUS GENEIL\TiON OF HE/VT IN RECENTLY 
H.\RDENED STEEL. 


Bv CHARUiS E BRUSH. 

.4fra 

Two or ihnaf yearA ago, when sitiUying the hchavior, unilcr cer¬ 
tain conditions, of sev’eral speciinens of hardened toot steel, i ob¬ 
served that they ail spoiittaueously generated a amaJI quantity of 
heat, the aniotmt of which diminished from tlay to day, but which 
was observable for several weeks. In each case the steel had been 
hardened only a few days prior to its use. It seerned highly prob¬ 
able that the genentinn of heat was aiisociatetl with some sort of 
”seasoning" or iodpient annealing process, perhaps aecoinjUinLcd 
by slight cliange of volume, and that it would be most rapid imme- 
dtatdy after hardening. I resolves] to investigate this curious phe- 
nomennti timre fully, hut failed to spare tlte titne until a few tnontbs 
ago. This iovestigatitm forms the subject of the present paper. 

Fig. I is a diagram of the apparatus employed. A, B represent 
ttvo Large silvered lie war vacuum jars selected to liavc very nearly 
equal thermal insulating efficiency, They are supjxirted in a wooden 
rack inside a thick copper cylinder C jiacked in granulated cork in 
a wooden box E. D is a paper extension of C, packed with layers 
of fell by removal of which and il« loose copper cover of C csisy 
access is had to the Dewar jars. Tlic copper cylinder weighs 52 
pounds and its functions arc, by reason of its large llicrfiial capacity 
and high conductivity, to protect the Dewar jars from any rapid 
change of temperature, and from temperature striitification. 

The bo« E is surrounded liy a much larger wooden box F lagged 
with a half-inch layer of felt, A long resi.staiicc wire is strung 
Itack and forth in the air space bctwi'cn tlie Iwxm at the Itottom and 
four sides qI E. Electric current coutriolled by a thermostat warms 
the wire, whereby the temperature of the air space may 1m; main¬ 
tained very nearly constant as many days or weeks as deslrerl. A 
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thermometer T. easily md to hundredths oJ a degree, indicates the 
temperature of the air space. 



Returning now the core of the apjaratus: A' is an air-tight cjlin- 
dcr of thin copper, six inches, high ami two ami a ludf incfics in 
diameter, provided with ati open half‘inch axial tube alftO oi c^pef- 
A small round ojwiitng at the lop of iicrmits the introiluctitni of 
a weighed quantity of water, after which the opening is lightly 
corked lo prevent any change.of temperalure by evaporation of the 
water. B* is another co[>pcr cylinder Just like A' except that it ha.-s 
a nrmovabk top to pcmiil the itilrmlurtiou of the substance whose 
thermal behavior is to he invicstigated. Tlie high tliermal con¬ 
ductivity of these copper cylinders prevents temperature strallfiCT- 
tion wilhjti then). The Dewar jars are filled above the copper cylin¬ 
ders with layers of felt, and graiiuLllcd tfOfk, and covered wrth 
waxed cardbtufd carefuUy scaled on to pwvcnt temiwrature dif- 
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fcrenct insiilc the Jarii svliich wouki fukuu' unctiunt loss or gaitt ot 
mokture Ui‘ the felt adtl gnmoliilecl cork, A STtidll thin glass tulw, 
flanged at top and dosed at 1>ot!om, is located in the axis uf csdi 
Oeftur jar and extends from ihe iiaxctl cover ntarly tn the iKittoni 
of the mdoseil copper cylinder. The gla&s ttilwit coniaiii the ends 
of tliertnO'clearic eouplisi of fine cotistaittart, copper and iron wires, 
one iron-constantan and one cappcr-consiaiiiaii j unci ion at the 
boltOTii of each tube. The leading-oul wires arc copper, antj cannect 
the thcmto-conplcs with a reflecting galvanDincter having tht ctis- 
inmary reading tdewope auJ scidc. Careful eaJJihration tuts shown 
that 55 scale divisions of the galvanometer indicate one ilegrce C. 
iempcntture.differeuee tJCtween A' anti B% anil that lemjjerature' 
difTereiico and galvanumeter deflection are very closely proixirtional 
throughnm the range used. 

In the following expetiment A* and B' were removed from the 
Dewar jars and allowetl to attain uptal room Icmperatiire, Twelve 
hatf-indi ronml bars of toot steel, five inches tong and with machined 
siirface9, were liardenciJ by heating it> high *'cheny-red ” in a rc- 
dueing atmosphere of a gas lunjaM and i|tiencJiitig tti tifU water. 
1 he liars then had a thin and strongly ntlhcring roating of Mack 
oxide. They were next stiroed in a large quantity of water at room 
tcmiK-raUire, to acquire that teniiMirature, wi|«il dry. anti otlerl with 
heavy, neutral uiiuern] oil to prevent Eeneratimt nf heat by further 
surnce oxidation, wjj^d free of excess of oil and placcil in the 
enpper cylinder /l^ A weighed quantity rtf water, also at room 
temperature, just sufficient to equal Hie steel bars in llu rtiuil capacity 
iiad alreatly Lew placed in The whole apparatus was then as- 
senihlerl ms quickly as itossihle. anti galvanometer readiugi cont- 
nienced within foriyfive mimites of ihe time of harilcuing the 
steel, 

Tlic muter eiin'e it) Fig. J shows the progress of heat genera- 
tirnt in the steel kars during the first 150 hours after hardeniiw 

A very slow generation of heat was still easily observable at the 
i-.mi iif A month. 

It is Jicen that the temfiCTalitrc of ihc steel bars wait rising rap- 
irlly when the galvanometer readings commenced, and reached a 
[)Oim (nearly 3' C, at the sunmiii of the ciirve'l where gain and I<>s5 
Of heat balanced each 01 her in ahoul 8 hours. 
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llic " fCormal CcyiUng ” curve wea olnnitLe^i five or weeks 
^fter the nthcr, and when the generation of heat had nearly 



Fra J. 

ee^'d. For thk ptiT}M)$e ihe ^eel har& were rcinoveil, warrnecl a 
few ilcgrces. tuitj reidaced; then galvanometer reaiSings ivere made 
from time to time as l^cfore. This curve h plot ted in a location 
convenient for visual conijwrison with the heating airve„ but oiher- 
wjsc tnifiht just as wet! be plolled further to the righf. 

From iJic two observed curves t liavc coni])iued a thirej curve 
(not shown) which represents the profitessive ri&e in temperature 
whirh woiitd have occurrctl if the themui! insulation of the steel had 
liccn perfect* so as to pre^-ent any loss of hear. The cun^c is 
strikingly finuLir in character to the shrinkage ciir\^e shown in Fig. 
3 . and indicates a close association of heat genemtioii awl s^hrinking, 
to which I shall refer stgain. The loial rise in temperature indi¬ 
cated (about Eve dcgT«® C,1 i^i of litllc ^uantitiillve ini|>orlatTee 
tiecuusc it h highly prciliafde that it wculld hove been different if llie 
steel had Ikren bardcnctl at a differenl temperature, or more itni^ 
foniily lordenej ihrnlighutst each baf^ or had 3 ditTerent cartjon con¬ 
tent. Yet it h tnlctc^tiiig to note that the ob^rvetj ijmtuity of 
heat spontnncovisly genenitetl in the steel* nura^uretj by iis rise in 
lcnn>cnnure nmlitplied by its ihonual capacity, indicate-s internal 
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work of some sort siifilcteiit to Hft dte sted bodily about Soo feef 
lli^h agoinM the force of gravity. 

J next prepared a batch ot “ hlgh'‘a;[tH(l" tungsten steel consist¬ 
ing of tite same number ot bars of the same diniensions as tit the 
first ex]>erttnent. Tlte bars were naler-hardetietl at white heat, 
not far tielow the fusing point, brought to rootn tmtperature, oiled 
and introduced just as in the former case, and galvanometer read¬ 
ings A’cro comnienecd an hour after hardening. 



Fig. 3 shows the curve of heat gctieration In the “ high-speed " 
steel, and the ctirvc of nurmal cooling located with respect thereto 
as in l=ig. 2. The cooling curve hero siiown ts (be Inwer jart of 
that used in Fig. a. It 1» ^wmiissible to use the same cooling curve 
for tiolh kinds of steel hecaiise the thermal capacity of the two Tots 
was very nearly the some. 

it ts seen tliat heal geueration in the tungsten steel was the same 
in charaaef as in the carbon jt«l of Fig, 3, though much less in 
amount and somewhat more persisitent. 

Many workers in steel are aware that the ntetal expantls a little 
wlten hardencfl, and shrinks when aitrienled; hut 1 have not met 
with any quantitative .lata on the subject, With the hope of throw¬ 
ing some light on the sponlaiicows generation of lieai already de¬ 
scribed. 1 investigated this plieiiomenon of swelling and shrinking 
a* follows; 











































IN RECENTLY HARDENED STEEL tm 

Having no man? of the carbon itcel imd in dw first c^tperimoit* 

I proicrured anoLher lioli-iiich ronnd bar oJ dtc $afiie brondt though 
slightly diff^;n:iu in c(Mti[>ostiion Uie aimlyses show. Widi a piece 
of this bar two and a half indses long I made a careful dctcRtilna- 
lion of its specific gfnivjty under the condtrions^ and w ith the results, 
shown JU the foliovnug tabic, 

TaJ 9 IJ£ 1 . 

SpeoAc Gnivi?y 

Cbmiwdal CcAidituii 
After Idanfcning 7-®^^ 

Afttf TcTRfcrmg to Lghi Stw 7-^55^ 

Afiw Anncalmg 7 ^^^ 

Tlic difference In density and volume between the hardened and 
annealed caTiditions ia fully a htilf jiw cent., which is amch more 
than 1 exjiceted to find; and tiearly half of the total sJirinhage wa 5 
brought about by the very moderate heating ncccssarj- for *’ temper¬ 
ing to light blue." The annealing was very thorough, and, as the 
figures show, was mure complete tli+vn in the iiiiucnled "\"Otntnercial 
condition/' 

The shrinkage iitddent to tciuperittg was large ennught to en¬ 
courage the ho()C that if any spmtancQUs shrinking* at room lent- 
fjcr^ture^ ixtcurs during Lite gcuefatioti of heat which follows liardcii'- 
ing, it might be detected and measured. For tlii 5 purtwiBc the ap¬ 
paratus shown in Fig^ 4 was designed and cnnstrudwl. 

In Fig. 4 C and If arc two veltical sice! rods three feet long 
ntid one millimeter in diameter, They are hung from a coniiiwi 
rigid metal supjjort /, and at their lower eiicb cafty* pa ml Id hrasrs 
Iwirs G\ IT which move with t)erfeci freedom, yel in close ctuitncl, 
belwc!eu guide* A", K. The lints$ bars are accuratdy maeWned. 
and their front cilges are ]ioli!Jhcd. The rml G, wlio^ function is 
purely comparaiire* is kept uniler iiwjderate and cunfrtani tension by 
Die long spiral sjiriiig L; while the rod li carriCiS a four iKmnd 
weight M. An cnlat|fcil sedional diagratit at llw right shows the 
mcihod employed in mnuntirig each sled rwh liaeh cud of the rod 
passes througlu ami is soldered into* a brass head having a hemi- 
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spherical end which accumdy seals itself in a hdlow miital cone. 
The rods are quickly reitiovahk through vertical ajots in the cones. 

Alter some preliminary ejtperJiHents, to acquainted with the 
apparatus, a fresh rod H was hardened by placing it horizontally in 
a wooden rack just aliove a trough of water at room tetnperntitre. 
quickly heating it to bright redness by passing suitable electric 




Vifc + 


current through it and plunging it in the water heneath. the act of 
lowering the rod serving lo break the electric circuit, Tlic rod 
was kqjt straiBlii while hot by means of a weak spiral sprltig w-hich 
took op tltc L-Kpanston, iVelinilnary cxperinienis had shown tluit a 
rotl could be hardeintd in this way witluuit warping 

Tl« l«.,dc...,l M. «l™dy a, »» 

wiH dry nnl pa m „1„„ ferfclc C. Tl>™, wiihcal dtUy a line 





































13^ RHCEKTLV HAUDKKED STm* [01 

liori^anut scnitch was ilmwii acnoss the polislicd fronts of the 
bilrs G\ fr hy niGsns of a sLraigln-^1^ anil shar^j n^etile {niint 
lightly api^Hed. A luicroscoiie. magnifying aliont -200 ft{ameter$ 
mtl y^iy sdliclJy moimted, was brmight into position and lotrtised 
on the hpri^otilal scTiitch, w'bii:li of oourst coitsisttd ot an indc' 
pendait acratdi on tiach t«r, th-^ t wo halves Iwsing iiutblly hi pcrfeci 
register,. Hte microscofie w’as providetl with a filar iriicnometcr 
eyqiiccc carefidly caSihniteit and adapted to measure sccuralely 
any dej>anurc from rogiitter of the two half lines or scniichcs. 

Shrinkage of the hartlened rod // was ^Ictccted within two 
mimitiis after scratching ihc bm$$ bars, axsd wa^ easiSy obsm^hle ai; 
the end of two weehs. 



Fill- 5 shows the progress of .shrinking disring the firs* 150 
hours. The curve reached the 500 line a day or tw’o blur. The 
hard cnee I length of llie rod was assun^cd lo be 3JJ inches^ so that it& 
actual shrinkage al the 500 line of tlie curve wa5 0.0175 

Thc rod was next scoured clean and tempered to light ^traw 
color by elcjciric warming, llicu lo tight blue color^ and tls total 
shritikage measured after each ojKrfiltom Finally, it was thor¬ 
oughly atineale<l by lieddirtg in mineral wool, heating to very fow 
rethiess half an hour, antf then gmduitUy feditcJng the heating air- 
rent to not long in the course of two or three biur^. after which 
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Uic shrinkage was again incasured. The rod shrank very consid¬ 
erably in each operation, as indicated fiuaniitattveh' in Table 3, in 
which the annealed length is taken as unity or too per cent. 


TiilLE X 

Length <if rntf hardfiamg too.^S^ 


Alter ipnnUuq<MU$ thrinkmg - tc«>453 

Afier icmpcrinj; Uf ligbi ii».i^ 

After tt^mpcrim; to light hW io^ljt 


Aflitr wtncMtng .... li^juoo 

Of c«ur^ Lhc shrinkage in vottimc must tiavc Lcea very nearly 
ibrec times the linear shrinkage, or considerahly tnore thxn qtifi per 
cent, from the hardoied id the ajiitealcd condition^ which h marc 
than double that observed m the bar steel used in the first qxperi- 
jnentr Doubtless ibis was due to the higher earbon content of the 
small rodt nutl more uniform hardening owdiig to its small sue. It 
IS highly probithk also that more heat gencrate<1 per unit o( 
mass. 


Liivar Shnnlugr t JOO 

Txngtli of RaJ After Hudmmg 
S^pcrktancDus Sbrmking 
After Tmptfp^ cu Straw 
After Tnnpcnng m L^ftt Sim 
After Aonnitng 

ihi^tk 

In Fig, 6 I liitve vasunliKcd the stagey of shrink iiig of the small 
rcrti by magnifying a htiudred-lold the observed r^uantities in 
Tabic 2, 

I have already pointed out the close similarity in character of 
the sponiajicous-^shrinkage curve (Fig, 5) md the coTOpiued curve 
of total heal generation; wd there seeing little rootii for <Iuubt that 
the iVi^o phcnomciia arc iiuaiititativcly related, Eut it is equally 
dear thnt sjiontancaus shrinking is uuly inddcni to. and is nut the 
[irime cause of the geiicmtion uf hcatp because the internal work 
rqircscnicd hy the heat geticrated liiiEidretb of times more than 
ticce^ary tp bring about the acconifianying change in volume^ This 
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h found as fq!loi\\^: The sniall steel toA gpomancou5^ly ijhrank 
aor73 melt To 5priog it hack io iu arigiiial length rcquiwt a 
tv'dght of i 3 pciynds hung Iwlow M, Fig, 4 (=ia_4oo jjotindi ^inuti 
per square inch oi crosi-scction). Hencep in longiitidinally slrrink- 
iiig €loi 75 iiieh, tlic rod Md done work equal to liftirig 15 {pounds 
half ihis distance or 0.00875 ioch. llie rod weighed ahont 1230 
time$ less tiiati the eight, so that ihc work dotU; wa^ sufficient 
Lo lift the t<h1 iiscTf 1230 X-woS73=t0=76 inches. But this rq>- 
otie-^fitnertsional slrrinhing only* uiid vve must lake three 
times this amoimt of tift, or, say reprticiil the work 

dune in the three-dimensional shrinking which ccituiiilj occurred. 
Wc lutve already seal lhat the infernal work spoiitancottsly done 
In the steel bars of the first C 35 ]iefiniieiiti itJ gctieraling the obscr^'e -1 
amoiinf of lieat* W'us sttfficsem to lift the harg ahi^iit 800 feet, which 
U JOO limes greater titan ihe work done m spontaneously shrinking 
the small rock If $|>ontancons shrinkage was iesis iit the large bars 
than in the small rod* which is highly [krobable. then this ratio was 
accordingly greater ihjiii three humlrcxl Lo one. The ^lisparity in 
weigh I lR!twteii the twelve large tws and the one small rod docs 
nut count, l^icause the work done in ca^ ca$e is conqniletl for the 
weight of steel ichich did ii- 

It ItaAr lieeji mggested that loss of ihc generated hc;it may per¬ 
haps be regurded as a cooltr^g process without change of icitipera- 
inre (which Implies reduction in specific heat), and that this may 
be suffident to account for tlic sposuneoiis shrinkage. But this 
hypothesis accounts for only a nindest fraciion of the shrinkage; 
while the mqilied change in sjK^cific heat is much too large to he ad¬ 
missible, 

-An at tempt was made tii measufc Young^s modulus of elasticity 
m tbe sTiiall ml both m the hardened coiulttinn (aficr spun tan cons 
shrinking) and after annealing, by hanging various tvciglits Indow 
,l/p Fig+ 4, nnd TneaSnring ivith the microscoiic the distortjons pro- 
ftuocd,—always far wilhiTi itie elastic limii. Bui I ivas nuaJjle lo 
obtafo reliable results because of an interesting fad which was 
brought to light, follows I In Lhe annealed condition the sled ex* 
Ifibiird a small amonne of viscosity or internal fricUon which some¬ 
what delayed full rlietortiun and subecqnem rcstittitifm; but ia die 
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hardened coridillon the vij^'o&iLy u-afs mahy ihu^rs ^r^ter, Tlii$ is 
a fuither illtistr^iion of the mstahitky of the hanletted ileeL 

In eoiiettii$ion» I am led to regard the hardened sted ]^s being tn 
a condkion of very great nmiecukr strain somewhat unstable, e^^pe- 
dally at fir^ Spontimeons relief of a small (Xfilioti of the strain 
general ioti of Ileal tmtil stability ai room ietit|icrmttirt is 
reached. Any considerable rise of tem[ieraturt\ as in leniperingi 
permits further spoiuaneotts relief of strab^ or niolcetilar rear* 
rarigement. doubtless accompanied by more gfmrratioii of heat, and 
io on liJiti) annealing iem|jeraturc ts reached, fi h obvious that 
ihe process of tempering or annealing gtcel is an exothennic otur, 
and conversely that hardciuiig h an endolhemuc process. 
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1. Iti^TDRv OF THE Fagacejl : A REt:o^;StUt)CTXO 

Prantrs Clajrfifcaiwn i}f tbt Pagn^f}^, 

( Qut-Ttus, 

Pasania. 

CasUmcii- 



The five or six ijtitcm uf tlie faxiiily Fagatcst io Uic mk^ 

U^loiijj Here well differciitiaiciJ at as far baek the Cretaceous 
age. The beeches are sharply sejKtriited from the retnaiitder of t!ie 
family (tfie |}asaiiias4 cheslnuts^ ami and are iiiidonbiedty the 

more primitive of the two groups- Nitfhcfngus^ the gciiiis of primi- 
live heeclies^ is a chanieteristically ^sd>^Amarciic gctiti^i. still stirviv- 
ing ill TajimaJii5i> Ke%v Zealand, and ilie southern pian of South 
Atiierica (a Souih Padde ilisinhuttoii)- Fugus ttsdf* onCe more 
widely spread, i» now fcmiul oidy in Ja|iaii, North America and 
Europe. 

"fhe pasanias, chestnuts and oaks are at present hi ]tosscs5ion (it 
the tcui{>cratc and tro|jicul regions of Ada, North Anicrloi. Euroj« 
ami MetUterrnnean Africa. Sj'pcdes are moist numerous m siouilt^ 
cast Asia and in Mexico irccioiis scpiunued by die Pacific)- Pasn- 
mu IS limiter! to smulieaiit exccjit for one spedes In CaJifomia 

* TJii* r^per oweta great deul ta die cKlendvi: ksinwiedifv mrl ilic never* 
hiilmif intem-t Rnrl iii! of Dr^. WJItifnn Tfcka*c, imHer vhjm the work 
dmie ftt lltF Cniv trinity of llUtnnt tu diT year l^t^-14- 
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anJ one in Mew ZeaL-md (raiigcs wpamwd hy lLg PadJic). Cjj- 
{ihc less special iitfI chestnuts) js lifninciJ lo ^nulhcist Asia* 
excepi for two Cafifomian species (ranges separated h;y the Padfie). 
Cojfotiefl IS present In sauthea.st Asia^ North Aitierica and Htirope. 

has tiiosi tiunierous sjicdcs in fOutheasi Asia and (wpe- 
cb!l)') Mexico and Central Anttrica (regions sepanitctl, again, by 
the Pacific), while the ^tihgeniis Cydobahtiopsh is liiiiited to souths 
cast Am (monsoon province). In consideration of the fad^ that 
the most priitiidve genus still lingers on dte two sides of the iouih- 
em Padficp and that so mui^v other groups are found only in regions 
bordering (>n the northern Pacific* it is more lh;ijj pkiitsHde that the 
family Fagacra origitiaieil in ilie Aittarclic-Padlic region* Jind 
moved northward towards its presetii nonhem-hemisphere disiribu- 
tion in the region of the P.icific Ocean, This of course involves 
the hypothesis of an anciciit Crctajceoiis or prc-CrtfACfitrtts Pacific 
eoniinciu—for which there is much otlitr drstnhutional eviiknce 
and which i^harff/ among others, holds to be highly probabk. l"he 
broad similarity of tlic ranges of Cajinn&psis and Cxrh- 

bahnopsii wa^; undmiliicdly ilctCTmineii a| this ttirty time. Tlic 
problem of the extension of certain species of fufjxts and Cas^cn^a 
to Europe seems entirely seji^tKite* and probably lielongs to a more 
recent period. Qu4^rtus is involved with lK>ih the otiler and the 
mnre modern distriliution; they Intve Iwen majipcd out here for cem- 
vcnieni reference in the comlfig di^ais^kn of Oni'fCHj* 

IL lir&TOKY OF Quercus. HYroniETiCALLv Recos^tructeu. 

Oaks, living or fo^«h have been rejunHed from every confiiicnt. 
Living species, however* are unknnwTi tii the ^mhem hemisphere* 
except tlial they are femnd ^south of the ciiitator in the Easi Ijidies, 
and among the mountains of Eciiadnr (localities separalccj by the 
Pacific)^ Species, as was said, arc ruDst ntnticroiis in Mcx-ico attrl 
Cenlral America and in soiitlieant Asia; the suligmun Cydolfdaw^- 
i$ limited to southeast Asia. Heme mix: ring that Ptijiania and 
Ca^tampsis arc almost limited to the same region, anil lliat I he 
pasania^hcstTiut-oak group of the Fagacc^t dunvs here a concen¬ 
tration < and n profuFion ot species, seen nowhere else in the world, 
tSthiiFfr. Difitribulkm ujd Origin of Life in Kortli Amcrlia/’ 
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it is tmtural lo supfKj^^ that this i>art of AsU (or mor^ prqbaBly, 
to allow lor tbc outlying spedcs in Cflliforniafc autl the oaks in 
Mtticd* It region ea^t from southeast Asia) has been the center of 
distribittioxi, and hence the point ol urigtit of the p^iaania-chcstnut- 
oafc group* And Quercus itself^ with Its black oaks tiniiteil to 
Atnetica, its Cychbahn&psis liiniicd to southeast Ai>ia, and iU nu¬ 
merous white oak $pcdcs in both placea, undoubtetny ditferentiatccl 
{mm the pasatiias (or iheir anetstor^) in one or other of these n>- 
gions, or more probably betw'ccn the two. ,\t any rale, the pnitn- 
livfj lililc-diJferentiated Quetcaj must have had a distributtoti that 
Lncltided both regions^ as well as llte <pace between ilicm. We are 
thus brought again lo an hypothetical Pact tic continent; for since 
neither black oak nor Cy^t&baiaa^psis c^ifts or gives e%'idence of 
having existetl in western Asia nr Enrofjc, any cretaceous or cttrlicr 
connection of the two rcgioniL In that direction is welhnSgh incon¬ 
ceivable. (It is till necessary to ziuppose that this Pacific land ex¬ 
tended much farther tinrih than the erjuator). 

Accnrtling lo our hyjH>thesifip iht dtsappearance of this Pad he 
land isolatcti ihc two extremes of the nmge of Queens. 11 ic genus 
had alreaily become differentiated; the Asiaiic j>art of the range re¬ 
ceived the stock of Cyctoh^tau^^psis' (fnwnd nowrhere «1^) as well 
as the more typical Qucrc^s stock. Certain s|iecica of Qufreu^^ 
cvftti todii>\ form a pari of the oldest Asiatic flora, which holds its 
own in isolated rcgiOUi>-^—tu fciTts of the Ilimiilayas, fur Instance. 
Some of these anciciu endemie species Jire the wliiU oak,"?^ Q, fomitfl, 
•stnit^aTpift:il{a^ ;md ditatdta^ of Avhich the last is said hy Sehotlky 
to stand nearest ot all oaks to the Cyrli^talafwpsis group. (Ameri- 
tan black oaks» howeverp show certain features in camuHni with 
ajiiral ovules* type of style). 

The Anierican end of the range roccivcd a group of oaks of 
which (according, to evidence from diatribniion nind p»tlaKintology 1 
Qu^rctit dtrysid^pis is probably our nearest representative; these 
may liave been the basis of both the black and the white oaks of 
America- It ta suggestive to find ihat j^ievrar/^i/olia (represen¬ 
tative ol the ancient oaks of -■\sU) hears some resemblatice lo ibis 
early Anieriom oak. Some of the Eurofican oaks are also of this 
aitcient tyjie; tiiil since onen Q. iwairs in boih Asia ami Europe* 
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the inference is tfiat they all reached niiroi»c westwanl from Asia.. 
1 hoinfh the older fossS! evidencejs in this contitient have all tieen re¬ 
ferred to Q. fhrysnifpit (these <liite hacl< to (he Ctetnccousi, ii 
seems tiol improbable that tyne? sych as (). ^-Huiryi anti Q, /ty^ 
frncti tvere soon present, ami that diflcnniliation early took the 
IftiiB itjwfirds our American btack Oitix ant! wfji>r n(tks. Since in 
Cyrle/jii/diftf/ftj, and in the pasanias, the ahortivc ovules are emried 
iipivard in growth tilt in the mature acorn they are tytijcally ajncal, 
this iii:iy be considered the [iriitiitive ctnnlilion in Qufrnfi, Chnso- 
which has rhvnt only bueml, is on the wav towards liaving 
them iti the basal, whitc^uik. ]io5ttiDn, I hf black'oaks, on iIh: con¬ 
trary, liflvc preserved the primitive cliaractcr in this as in other pfir- 


(Since The black oaks rcsemhk Cychbahnot^sis in some ways, 
it tmy he that they iliffcrcTiliatBl from CyrfobnMjia^jix. in the 
r.ndfic region, before reaching Aitierica, Or all three may have 
diverged together from the primitive Qm-r^n^. T>istribmiJ,i ,uav 
have Irten such that Vyefobahwopsis went to Asia. Ervihrabahttuf 
to America, Lfpidobalantt^ to both,) 

Jlavtfig thus some conccplfon of » ^ssihlc Cretaceous Ui^iorv 
for Atnencan oaks, black and white, and of Ihcir relationship t'o 
the anaent tjiHrs of 01<| World oaks, we «.vy „ow limit o^wselves 
to Ihc white o.ik group in Xorth Aineria For 

Mic black oaks. Iwitig liniiitnl to the western hemisphere and becom¬ 
ing only more sluirply differentiated, cm, give us no funhe^ light rm 
white oak relationships. To begin with, we m.ay mark off f enco- 


vanrd. fu|* walr* itrcnni im> » sgtiij ri„t f„ii, ., i' - 

Teavesevemreen. wnkn, nrm* very fir.r ’ " " 

l:ry<ltrr>b^miui: .MKtrtiv* o^ulrs apleal. styk* rluntfairij saLtfauiiafe ubnt 

st',r;r r.' .SLr,”td 

widi tiristlc puim* lubr* when pr»mt 

TMit ccplulated at aia-i Zffi. 


OF EASTERN KOKTH AUmiCA. 

L^micbutanutJ AU.iftive titflllrt veiy ilkiftp ^(i^iutariL iLcani tioi 

ifltnttitwfl wlUiki, cup Jteak- thKJ«mcnl 4 t W, fmil df^uin^ bi 

Dnc Thsvcs dcciduDui dr l■\r!re^lM, bbc* whni prr±^t njuiLdrtL 

The must stftljlc ck-imcicrs in thi« classificaiinn seem 1& t>c the 
poditfan flf the abortive avuJes, the Ijtilnjj of the acom shell ami ihe 
forni -of the Aji'prvs^siOTi of time fnr ripening fritit* 

tmil tmic of kee^jing leaves are all nwre or varbblc among the 
tthitc oaks. 

TJic carUesl home of Leuc^^^tmtiinus on this coiitiriimtp using the 
teirm to inelmte the white oaks as ihey scfomicd themselves frupi 
the black in Americap u> liave hec-it nurthtrm Mexico 

^nd the soiithwestem stairs. The older iy\u^ (A, hclow) still pre- 
dcimliiatcs m this ri;:girm+ which has probably long been stfihlc^, witJt 
a climate ^imiLar to Utc present, li is a regmn which seettis to liavc 
been for a center of distiibnthiii i<i other part^ ni the 

contfncni. Since tlic Cretaceous^ inn cl 1 riiffereiitiatioit Jias 
place, the main iines of which nmy be rcprewnieit hy the following 
4 livi$inu of Nonft Amerrcan white oaksf 

A, Lravrh pmhtmTi numlty rvergrem, cimrie, mmafa or (fciitjie, or, tf 
dccpi^r blirdi wEfli tuinitnu 

t. lltiiiy ^pecStb, »dutbwestern U. S. jiuii 
^ ui(ij Viirj ctie*—atii enrly nffaho^st, 

kflrfftl of dlvTdcdx or jcrrstlc^s fubet rnundecL tiWuse or 
Pbiftili? hut ucit pimgcni 

ITic evergreen series, repjfCScntCfd, sa>% by O. undulnM, is the 
more dir<sc!t cualintiatioii of iJic Crctiice^Hiia iy\Kt the dceidiEotu the 
more tivttticrn form. 

It h hardy t>ossib!f that tml alt of iUh dltlcrenliatimi took place 
on ibie contmenti I^^ucobahmus reached EurojH! at some time* 
and the jio.^sibitity tliat this took phte early (hy means of SctiarfiTs 
Alerfitcmncan land bridgeh ihai the dccidunujf oaks origtn[itc<l 
there, rmher than on tliii* conlincnl, must be taken fnto account. 
Species of this Eyjie occur also in Asia^ hut there »eenis to lie litile 
doulu I hat tliey arc sharply scppanited fmiti the ancient vXsiatic 
st>cacs like srm^rarpif^tkt iind reached Ask in the Tertfan^ from 
ihe ea^twartL Hie fact that the range of these spocieif* In the Ter- 
moc. AHKK. ritiju uv, 317 1-, lULv li, 1915. 
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tiary, was, al die Iwreal eitd, catitinimtis from across America 
to Europe, gives tbe possibility of die center oi disiriliulion being 
either ill Europe or in America, ^fy data on EttroiiciUt oaks are 
tosuflkteni to decide this jjoint; it seems, however, highly prob¬ 
able that the while oaks with thin, deciduous, lobeil li^ves originated 
in or near northern Mexico. 

TIte early members of the group Leu^abulanas^ then, marked by 
entire, evergreen leaves, gave rise, probstbly in North America, to 
a form with thin, deciduous, lolxnl leaves. This type is now donti- 
nant over the greater part of the United StatC-s, while the older fortii 
liolds its own in the southwest and in Mexico, whcr« the dimate has 
probably known no great fluctuations ainee the Cretaceous, and 
tvhere it siiU finds suitable dry and arid liabltals. This evergreen 
type occupies the Mexican highlands. Arizona and New Mexico, 
extending east into Arkansas, and west into CaUfonriu. 0«crr«j 
rfr^^rniano seems aUo to have K-en a very early offshoot; with its 
vaticlics it forms a w'ell-marked coasLU group, ranging from North 
Carolina tenth along the nhores uf the Gulf into .Mexico t'vbere 
it stretches inland up tlicr mmmiain sides), and apjwaring also on 
the California coast. 


HI. Pactm'Rus WiirtE t^Ats ok Noam .VittniiCA. 
llic oaks with which ive are familiar in this {»an of the coirntry 
arc of the lolied-leaf type. tkographiKdly. at least, there arc thrre 
txirta 10 this group,—the eastern, the Rocky Mountain, and the Cali¬ 
fornian lobed-kaf oaks. li is not clear, however, wlietbcr or not 
these gtograpliical groiijw can be sejetraled taxqnomically. nwy 
may be parallel groups, cut off from one another comparatively 
recently; or, possibly, the Californian group may l>e more closely re- 
bred to the dwidiiotis oaks of Europ: {iy|« Q. rob,tn than it w ii> 
tin? Oaks of the Rocky Mnunlaiu^ and the caar. The habit leaf 
form and texture, anil liiid form of She Cnlifombti oaks have’ sug¬ 
gestive rtscmlilonces to those of the English Ojih; ,md It is fierhaps 
not vctiliiTiug too much to «iH?eittaie as to whetiKT these oafcx, like 
cert.1 in other forms tin nur P.acific sIoikj, may not I rave thefr eJowsl 
rebtivts, lint in America nt all, hut m Eurojie. 'Hjere is l«:sidcs at 
le,vrt one rx.k in California. Q. /orffrrwiid, which appears to imd its 
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ncurcft rclAtive^ rn the mcKlcrn Asiatic Tvhich wcfc mentiemed 
as haviiig probably reached Asia in I'erliaiy limes from ihe east¬ 
ward. llie gamb^lii grtmp Lti the Rockies iuid the Atlantic group 
arc ajjjjtatrotly the !»epanitcrJ boiiches of lilt laltid de>TlOiWHl while 
oaks (and the Califomiaii oaks arc perhaps a third corresponding 
group), which bclort glaciation may have succeeded in coveting Uit 
greater part of the conthnuit. Gladatton left survivors of thi;^ 
fort:?t, it would set™, ill tw^o i^rts of the laud—naiuiitamoiu re¬ 
gions which projected above the ice—lllc southern Rockies, and tCic 
southern .Alitglumics. From the one lia^ spread north¬ 

ward, keeping rather closely to the nioumains and diffeten dating 
nttiiiermts hut siinibr species; wdiilc frotu ihc other ihe early species 
(possihly /rnHr/erfiiir atid minor) have recovered an eiiDmiPus 
strelch of territory» anti have prorluccd a ortTrcs|HiiidJtigIy large 
[lumber of varied ^wdes- 

IV, WittTE Oaks qi* Nnitrn AwEtitCA. 

Tlie while coks found east of the Rocky Mountain,^ cfunprise 
the fdlowHiig spcdcij (see key): 

!i brrtvfci/jJd lyfdto 


fiurartdii 


birt>l 0 r 

rmcroairf^ 


4- uPiV/ifTMaif 
/In IIII jT 

muhlmtH^rgii group. 


3- chafmani 


mtiior 

margarttia 

offro 


These species are all of the deciduous, ihih-lcaved type of Lnt~ 
robnhnus. excejit that am) Arvrt/uZJei^ in ranging [rcuii Ala- 

hani.T we^t and south into northern Mexicu, *tjovv a iuries of tmiifli- 
lion$ towards the i^iiiqllcr. more entire* evergreen iyjyc of leaf. It 
might t>e thai a careful study of Lhesi* forms ivnidd show iheni to 
be transitionat tri other features Their range seem$ lo indi¬ 

cate an atTcient center of disiributioti in the $ouiliivc!^i: this again is 
in sharp conuwst to all the other species, which may he referrcti to a 
nifirc recent center in the ^uthea^L In short, thetc seem to be 
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scvtnil fcir markkig off rntln^f sli^itply dtirandii 

hb<x from tht reniaimltrr of ih^s species present m tins nr^n niul 
for sUffpesting thti jjossihility thnt they tmy bt :l relk from ihc titlit 
of tfic *liffcrL*fltiatlon of tins docnluoas section of 

Tht: remainder of the group a very wide range. It touches 
the Rockies in Canaila, and reaches Texas. Flondu. nnfl Maine. 
Nevcrllieless. it is almost true lo say lhai every one nf th^; spedes 
iuclmtes in in ratJge t!ic reglun ol llse SGUtkem AlJcghani*rs^ nds 
TcRiott certainly stems to have been a cetiter of difUriliiitinn after 
the retreat oi the ice fields, ferr this as well as fnr certain other 
groujis of plants and animals (CT^rjiiii'ifriiand the UiiiOEtiike. ^o^ in- 
ftaiwc). 'Hw present difitributiun must have f^en largely achieved 
by the Pleistocene, for late P1eistr*:cne fossiU indicate a TAiigc 
broadly sfnilkir to that of the present. 

I'lic i^jTenirs* aside from (i) di$ra»dn and fall into 

tlirce main giruips—u> mucroiQrp^ {X) iniwt*r ^rTnU|i, ( 4 ) 

f^ritMir groitp. 'llieir relniion to otic Eniothcr is not entirely dear^ 
Tlie fUitX'yoctirpc group in snine tvays licddf; a ceittral ivusitiun, which 
suggests [hilt ft Uiay he the uldtii. So do the prrsist^nt iHputfx of 
all nicinbers of the group j this is wiihoul any doubs a primitive 
chATActer. Its species moreover have the widesl range, Jintrrncriirftt 
extending in the north to Swkatchewaii and Mainc^ anti in a great 
southward curve with iu lowest f4dnl well duwn the Mississippi 
Valley: s^oulh nt this h is replaced hy lyrafu. Again, Tertiary leaf- 
prints which have iNeen referred to deciduous Qu^rcus tire limited 
ihuir far lo tyjiM reteudding Jyrum and wuNur. ^CockercHi 
lyr{ttifi>nnt$ fiom She Flori^nt beds U now reported from the 
John Day Basin* ^Jregon, where Knowhoii also rccogiua:cs Itnvcs of 
the tyj>e 0i^ nmwr.} llicrv are ^ many iiiggeiitions of this sort 
thal at prestul we must as^;time the nrci/^ryeerfij group to lie (iraje&t 
to the ancestral lyfjc; and, thouuli ihe fruit is ahcrmiit, lyrufn may 
well stand near ihc biisc of the grrnip. 

I'he uiiiiur group, or at lca-;t finVior itself, hm sniiic with 

frfrofor and tJfiMTPfarfa. Its witk trmgt and the Tertiary nroirraice 
of this or SI similar ^lecks show ihal it lias i-aliij daims to anliciuily. 
Whether albti belongs in this grmtji h nuccrtain; it is diflkitU lo 
see rcasoiis for ctntnccliiig \i do^ly iviih any other species. Mar- 
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regarded by Mint as ^ aperies, but which ha^ nftcB 
been rtganiett m hybrid, suggotti luch ai relation slup^ 

bm tbj& is more ar less doiibifu], 

'Hie dearest and most tiigMy difTcrentTatci! groii|i is dial of liie 
chestnut oaks. It may be connected with tlic more typical forms 
through forms such as bicot^r (shape of leaf) ahdfynilii (bud-scalesl. 
That the 5ierr3iic leaf is secondarily derived, tlirough a lobed form- 
atid tiffi a |>crastencc of the sermliuft found in oblcr fiortimts of 
ilie genus is pcrha]>s not proven; the iendenLy to lolmtbtt rather 
than ierrtition on young shoots^ as well as the general rebtion ot 
the chestnut oaks to the other r/aks of thi^ rqjion iuake it* IwiwfivefT 
highly proljalile. 



Hai4.£MIJU|i Qmu* 




Thi‘ above (lia^rain may lualte hi ore cmicrcte Ibwc *uggestiotis 
consenting relatbnHhi}i^. 
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Kzr TQ DiXimiviDE W^iTE 0 /iiC$ nr Knvnt Amebu^a. 

Lrarwj lofird mi 

L Tavcs 

Stqiuln ; bud« mQrc or Irs^s luutc. 

t. Twl^ 4)ctidcr« nuDfitli. LjrnU^ 

± ftcnit, pubwect 

d. FjiLLit Idiri^er^ cap UAnjilLv dccf^r ami frtjigciL 

b. Fruit pe<]unculat-c^, fmallcr; oip nipre ^balWwi pctdaui f linked. 

S* Stifttitjt* licddupuA; hmh ruttUiiiKL 
]. Twie$ tErtootJ*. 

2: Tiwiga pultcswiL 

a. Leavcii fivc^la^^ faabwinit below, 

b, Lfittvei umluliti:, fUliroUi thclow 

IL Lmrci^ d^ilattL 

A. Buda kssctO!igu«r JtaTca nano wcr. wfilti^t near middle Mmhif nhtrgiL 

B, Bodi fimrc elongate, Icuvea broader^ widm above middle. 

1. Cap mk* free at tipj oaty; itaki wy stn^l Prinmi. 

a. Cut? fret!> upper aciln often lomniig a ffb^e tu cup. 

JfiVAcmWi. 


DiJ^aumoN of Plates. 

PtAtK IV. Buds of the roimdcd tytK, wdlimit rtiiniLei, X 3- 

Fiiji^ l» Q. alba (Lkbana, llljaob). 

Fill. 3L Q. Ifiinor (coUccicd by ii. H. Bartlett, Maryland 

PjLAfS V. Bud* of die more actrte type, sHpiilea peniMenb X 3 - 

Fjo. I- (tirtuum, IKUhokj}! 

F«i Q, bififhr (UTbatta, lUbtoliK 

Plati VL Bud* of ibe elotigutoJi cbciUmtoak t>pe. Xj. 

Fir^ I. O. pnnu^ fcollected by IL IL Bariktt Muyland}, 
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A KEW FOft^I OF .NEinUCJ.OMETFJl. 

Sv J T» W. MARSHALL ANtt H. \V. RANKS. J# 

The ne[>lKlonieCcr <Gr. a doud), jui ttisiritmenl for the 

^tuintitative dctemiiiiation of amoiuits of material in sus¬ 

pension, tias aitracteU cunsidcraliie attention of late, althuitgli the 
principles involvetJ are hy no niean!^ new, Since the time of Gay- 
Lussac attempts have beat made lo estimate snmtt qnantilitss of 
material by the turbidity Or opalescence of their siu|icitsio«s. This 
was genefally done hy comparing the snsfiaisifni with a graded 
series of known stisfiendions pnepared in the same way. and the 
comparison was made by looking through a column of the tkltlid 
and noting the turtitdity, or by obwning the 0{K(ltsccncc, that is, 
the light n?flccteiJ fnmi the niitnilc particles wheit the linuid ii 
illiimtnalcd by a powerful beam of tigliL It is evident that matter 
in smaller quantities or in a finer slate of stdidtvisitni may be recc^- 
tiiaed more ea.siiy hy the o]>alescence than by the turbidity of its 
suspension, 'ihal even cxcessivdy minute panicles fiossess the 
ability to diffract ligiit lias been shown by the uhnunictoscope, 
Wliilc by tile karat]ay-T^mdatl convergent beam of tight, the optical 
m-bomogencity of soluibns of crystalloids lias been deteciwi. 

T, W, Ktcliards in the cvMtrsc Of ainmic w'eigbt determinations 
in tStrt' devised a simple ttuinmicni to enable the opalescence of 
very ililote stisjieriAiMis of silver bromitlc to Iw more retitUly o1»- 
served, and in a measure, quantitatively dctemimed. Ten v^rs 
later, Richards and Wdls^ tnqirovcil the insinimeni optically and 
suggi^ted its applicability to suspensjons of substances other than 
the silver halides. Their actual detcnuinatioiu, however, seem to 
have been arrived at % a process of a{.ii»roxim 3 lion; that is. the 
unknown was comjtared in the iusinmient to a suspension of 
Itmiwn cmtccntTation, ami from these readings » fir.i approxima- 
ttoii of Its strength was cakulated, .\ new standard of more 
nearly the same concetilratiott a, the unknown was tli«j prepared 

» Pne. Auk .frnrf.. XXX, ytSgt tftw 

- Rrehurd* qiKl Wdls, ,^w. C Ai-iH Jour.. XXSL ejj. |.)nA 
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anti c<»nifiari5<rt> madt. UtM process was repeated until ^ 

siatidartl was obiBintrl which when |irn:i[iiiaieil under same con- 
tlitJnits and compared in the inatrtuneni with the unknown gave t!ie 
Kiinc amniLtit of o^taJesceiicc. The postuLitc involvedj^ that the 
sauie <p(aiititicii of material precipitated titnler iilentical cotiditlDiis 
give wjital opalcsceuces, ts undontKcdly correct, but the mcllKwl is 
snmtetvhiit teditnis in aiipltcatitiit, althoiagh good acenraej vtaa ob¬ 
tained in about three approsinitt)f‘’n^. 

Wells in 1006* published the rcanlts of finmcrous cxjwrinicnlJ 
in wbicll silver chloride was precipitated under differciu c^idi- 
tions, showinp the iiifliience nf eiccirolyles b<nU on the masittuim 
oijalescwice devcloi*ed and on the time required for this mastmutn 
to be reached. Ik came to tlic natural coiicUislon that the amoirnt 
of light reflected varies not only with tile quantity of tualerial in 
suspension hut also with its state of subdis lsicm. In this investiga- 
tl^vn be u.sed the Kichartls in^lnimcnt of iw except that for the 
usual standard suspension he iulrsiniiied fixed shiiular'ls of jjrounil 
glass at rcflcctiug surfaces, 

P, A. Kober* in (913 took up the problem of ilcietTnitiing qiian' 
titaiivcly by the use of the ticphdwneJric nietliod, pn>tems nml 
other .udistanccs occurring in biochemical investigations for whicfi 
the ordinary gravimetric methads are either very teilions or in- 
ndetpiate. Jdc used an instrument i)u the principle cn‘ the Richards 
nephdometcr but adapted to the framework anti oiitical pans of 
the l>t!boscq colorimeter, lu conqsaring tlie opalescences of sus¬ 
pensions differing cotutderably in eoiicenrnitiott, lie obserifid that 
the readings were not quite inversely prnportiinial to the coiiccii- 
Iration of matter in auspeasiun, and from a large nunilwf of ex¬ 
periments with suspensiuiis of .liffercnt substances Itc developed an 
empirical forinub espresaing the rebtiim betwceti *«de readings 
and convtmraltnn. 'Hils fonuula holds very- well fnr ratios up to 
t: 3. He hn? successfully applied hif instmuieiu atnl method to the 
detemdnation of a number of cifgauie substance* aucb ai casdn 
in milk, uric, add, and other purines. T'hc jicpbdoim'ter m vannu* 
mollifications has liten used tty W. R- Hl-mr to deicrininc the fat 

• Wdk .iw. Citrwi, Jirnf,, XXXV., w. JtX*- 

* P. A Kober, JuifS. fAi'in.. XIII.. 485- 
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in bloodt by ^fcKim Marriot for acetom*. and by S- S, Graves in 
antinotiu dctcrsiinatioiii. 

A nntuber of iosmiinents anfl metliod^ bave bceii devised for 
dcttfrininm^ the amount of substance in snspcniicm by the turbidity 
of lU suiutlon and diese find considcniblc use in indtisiria] eheni- 
istiy. White the theoiy underlying this tnctboel h undoubtedly 
simpler than the nephetouietric theory, it may easily be seen from 
the foltowinf; oonsiderations that the turiiiiUmeter cannot enual ihe 
tiephelomcter in delicacy or scushiviry. l.ct u$ suppo^ tiiat a 
standard as u»d in the turbidimeter absorbs a1»out to per cent, of 
the liglit, tiicn an unJinowii of twice the tonamlralion will absorb 
altoiit twice that ciuantiiy. However, it Ls init the ameumt nf light 
absorbed, but the amount tranHmJtted that is observctl in tiiis instru¬ 
ment; ctinsctiucfltly tlie quantities mcosureil would be in the ratio 
of about g;8- Tlic retiecied liRbis measured in the ncpbelometer 
on the oitwr hand would be nearly in the ratb of t: 2. Ooinli 
which ftiay be measured with considerable accuracy in tha Ttepbet- 
tuneter sliow very slight absorption when observed liy transmitted 
light In ilic turbidimeter. 

t)ur reason for devising a new iicphelomctiT may be niade mote 
apiuircnt by a brief review of some of the considerations invofred 
in tlic use of such iiislniments. The following are the chief fac¬ 
tors iiivoivcc! in the arnouiii of light rcllecttci by an opalescent 
fioltitiun. hirst, the amoimi of subiianec in siispctisitui. Second, 
itA [dlysical state, i. c., the numitcr and size of the particles, urn! 
thdr albcdu which dcpemls ujxm their own refractive iiideit ami 
that of the mcdintii in ivhidi they are siisriended. 'Hie atnoimt of 
light obseiwed U again nimlificd by the bet that the Hijlit from any 
jiarticle is redncctj by an anmunt de|x-ndcnt upon the alisorbiiig 
power of that part of tile litpiid abtne the panicle. 'Huis wc re¬ 
ceive less light from llie Imttum layers of the sunHuisiun than from 
tiling: nearer tlw inp. This compleic relation between reliecHon 
and abs^jiyrtion demands Te^s consideralkm wiitm die laigili* of the 
ilUmiiiialdtl columns arc kept K|ual than when they are varietl. As 
far as we ate aware, in the iiqiheloiTTit'ters liitherto described tlie 
light from the two tulles lias liccji cqiialucd by cliaiiging the tengihs ? 
of the ilKiiiiinatcil columns of suspension, ‘ Althongli in purely | 
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ci»l»tdcal work ttc climmation of ihh factor is not of wry grcrat 
impoiiance, litc ihrorctical corcsidcfation of tli« problem Is greaUy 
sintpliftcd thereby. 

A< Wells stautfv Oie opalescence of a Ikiuid conlaining a definite 
amount of subsiance in will, owing lo the peaier total 

relicctinti surface, increase with the continncil subdivision of fit® 
particle* until tiiesc naacli a Itiniimg sjm. Rajleigli has pointed out 
this fad in a tnatheinatical disicdaiiuti 041 (lie Wue color of the sky, 
staling lhai as the jiartidcs appruach the sire ol a wave length 
of Uglit tlteir reflecting [itiwcr ikereascs. He ?hctws that for \ei> 
minute jisirticlcs the amount of light rcflcctcil should vurj as the 
sixth power of their radius. The Toaximnin opalescenec of the 
soltttinns a> used in a nephdometcf seems, however, to b« devel¬ 
oped when the particles a« much smafler than 3 wave length 01 
light—in fact oi ultTumicroscopte siee- ^ ^ 

'Hie amount of reflected light lost through .absorptHm U also a 
function of the number and tuc of the particles. 

Tt is evident that as the refractive index of the nwliiim 3^ 
proaches that of the leirtides, the amuunl of light reflected will 
decrease until, when the two refractive indices l>«;onic equal, there 
will be no reflcctitm. This pheiinfiitTioii may he observed d liow- 
dered gla^s he suspended in a mixture of carbon distilplude and 
Wnj'oL 

With a view to detcrtiriuing some of the underlying laws 01 
opalescent iolutloos, w‘e undertook to design A iiephelomele, better 
acL-iptefl iHUli to llicoreiical and to pmctic.-il work Hum ih'^ 
at [ircsent. By using equal cdtiniiii of suspension and aciuaUy 
measuring the reflected llglits with a suitable pholometer, not only 
is one of the variables eliminaleJ. but dso we are enabled to dc- 
termiue the absolute ratio of the ligiits reflected by various ans- 
pensions. The photometric pan of the apparatus constsis of a 
wetlgc of neutral Uninl glass by which the light from one ot the 
suspensions mav he controlled 1 and a suitabk optical arrangement 
for observing tile iwo licams of light. A Uumner-Brodimn pnsm 
would serve this pur|tosc admirably, but by a simple arra^emc 
of minors, n fidil far more sensitive tlian that of the Dnboseq 
colurimctcr rnjiy be obtninetl 
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Briefly the (leiiigii ivf the tnslnnnent i$ m foltuws; The suspcti- 
sions to be oonipared are contained in the two tells and ^ shown in 
Ihc aeeompfltiyfng iliagnuii (Figs. \ and J). These cwmist ol cj-tin- 
drital glass tubes altoni cm. high aii<l t 011, in diktnicti'r, A ghtss 
plate h sealed into one end. while the other end is enveml by a cir¬ 
cular plate of glass slightly countersunk and held in place by caps 
of black filtern Tiie« prevent stray light reflected from the edges 



of the gta-is from entering tiie instrujrfcrtl. Diffituhies u rising 
from tile agitation of the linuid (ly phingera are also thus avfiidcd 
by liavtng ihe cells completely cnctosetl The cells rest mi a shelf 
and are Ulintiinaiftl normal lo their axw by a pamlkl btmtr of light 
from a too %Vatl lamp, The ray* reflected fmni the sus,vended 
jarticies pa-M upward to ibt two mirrors E mni F whence ,hey are 
reflected into the magnifying eycplirce G, Tliis U hxrused on* mir¬ 
ror £. A circle cut through the jHvering of mirror H pcmiits the 
jBxiaposjtioii of tile light from mtx^s /f and b tliua giri.^; the eye¬ 
piece a field whidi is reprt-fieiitccl diagrammiititahv iti the accom- 
panyiiiR iUustmtiun. Pholomrtric babmee i, effr^cd'by changing the 
mtcnslty of the light front tube H by means of the sliding wcfige of 
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neutral tinici) //. ThU adju^ttncnt in tnade ky tlie tliumb- 
screw I and the position of iht wedge i$ read on a wale mttmiled 
alongside (not sltown in the tltagram). A compensating wedge 
wedge may Ijc placed at /«but unless the sliding wedge//is of fairly 
steep pitch, this is nnnccessaTy, as the iUuminaiion of the Held is 
suffieicntly unifottn witilout it. Ail parts of the instrument from 
which rnciraueous light may he reflecleil are {laiflied a ^kad black 




l-ta. > 


'rtie conslnirtton tif this InEtrumnit wh» delayed owing to tliffi- 
ctiUicA enenittitcreil in wuring neutral tinted glass. Wliilc await* 
ing its completion we decided to improvise a ncidieloineter tu whjdi 
several ttutior ciianges have been made. Among these «iay l» racu- 
tioned the snhstitntii^ for tlie glass wedge nf a metal plan- in which 
was c»t a tapered slut. Wiili ihis iustnirnciit we undertook some 
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work of rather an empirical nature aluii;; liiwhcmical llnctL Kohcr 
in one of UiK paiteiS suggcMed tlic jioi^ilHtity of a nephelometric 
tletemiination of alhimiin iii urine, aiul a tiirtitdimctric mctluxJ for 
the fame has been developed by Folin and Dtnif.* \Vc therefore 
decided to ap]Jly our iiutrument to ihir prcAdcii^ 'Fhe standard was 
prepared from fresh narmal. huitiait $cnim as rccorntnendcd by f'olin 
and Denis, and svas standardized by nicroi^en clmerinTiiiUion$ and 
also l>y gnivimctric detentiidation of the heat eoa^tbide prr/tetit'i. 

Diffictilty was eiicoiuiterctl at llie start irl coniparing in the 
nephelometer nllntmln precipitated in the urine whh that prccipitnlcd 
in the solution of standardi^oit htuuif ^erutti, uii account of the ^lif- 
ferenu ill color due to llic urinary plgmcnls. In order lo eJiminalt 
this imerference of color, and abo to obtain hlmical comliiioud of 
precipitapon for both urine and standard, two vt^ual portions of 
the trrinc oE from c,c, to loc.c. ilciKrniltiig ujujn the ([uaiUity of 
.tlbiuiK-ii [ircMni, were taken* To one of these a known aniotiin of 
standard was added (about 0,3 c.c* of 04 per cent sotution of scrum 
protein)* Holti uere thru dilitted to cx. with water itinJ IhulSy 
made up 10 (00 cjc, by the ailUitioti nf a 7,5 P«t ccul. solution of 
sulpho-salicylk add. This gave a final conecuttatiou of 1.87 iicr 
cent. suIpJio-salieyLie add. wliile llie oniounl of protein variurl from 
4 to 3 trijr. ill 100 Cx, 1 fie rebutting ofialcscciii soivttifnis were then 
compared in the nephelometer, tlie tulw coiuaininf' llie urine plus 
standard lieiiig pbeed under the taperud skit. The Uglit from this 
tube won then progrcji^sivdj’ diminisliiHl by adjusinient of the sloUcd 
plate miLil pholomctrie hulattce was obtained. From a scale with 
suitable vernier the |jositioti of the plate was read. .V the I henry 
has not advanced far enough &i yd to ficmiit of a purely formula* 
tive mter^irctalton of (he reidlngs, the ratio of the roncctu rat ions of 
the two 5US[iensinus wns delcrmiiied from a curve. This curve hod 
been obtaiucil by plntling against Ute coucratraliom (he ^Ciile reaih 
iiigi ohiviincd when known ratios of ^LTitiit, ma'le up with albttiiiftl 
free urine and preeipilated with siilpho-SKtlicylk acid timlor idcnlicnl 
cfinditions, were conijisirOfl. Frimi the ratiodvteTmmcd by means 
of the curve, the ammmt X of albumin idginaUy iircscnl in ibt virinc 

was fouml by the formula f(= where » is the airinum of 

*PoWii and Den}*, /our ( 7 i '4 rAcm.. XVUl . 1514 
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svrimi alLiuuUi adBeil, Quiiiiiitics of urint and of standard ivcre 
so Taken tliat H ivquld be in the ncifihborhotjd ol uiic iudf. Urines 
containing large amounts of albrniiin ( i {wr ecnl. nr ovcr> were, 
after suitable dilntiait, oonipared directly with standard senini solu¬ 
tion. in the case of sudj uriuL's the high dilution necessary to 
obtain suitable ncjiticlomctrie clouds eliminated the differences of 
color mentioned aliocc. The results were cotnpiired with gravi¬ 
metric deierminations made according to SchcrerV method 1 *lic 
clear filtrates from the coagulated protein were tested witli siilpho- 
salicylic add to make sure that none of ihc protein remained in 
solution. Duplicate gravimetric determinations gave good adtee- 
iTicnt, It teas imtnediaiclv evident tliat the ucpbclomclric de¬ 
terminations were considenilily higher than the gravimetric. More¬ 
over, in the case of drlcnnioatituis on daily specimens of urine from 
one patient, the ncjihflnmetric results were consistently about ^5 
per cent, higher tiian the gravimetric, while in a .siinil.ar mtics Erotu 
another irnlivitlual the ratio liclwecn nephelometric and gmvtTnelric 
determinations was very vaxiahle, ranging from I to aliouL 1.5. 
This at once suggested that the different ]iroteing of the iterniTl, while 
closely related chemically and equally predpilahle hy sulpho-SciHrylie 
Bcifl, might give, in the niiphelonicter, clotnls of difTcrent iiitnisilies. 
It is a signiticaiil fact that in the case of [jattiint Jt where (he ratict 
of nephelometric to gravimetrie was variable, half saTumlintt of the 
urine with ammoninm siilpliatc gave a considcmblc precipitate of 
glolniliii. 

Ill Order to delerniinc what differences might c.vist hetween the 
ofjaleNcdiCes prntlucmi !>)■ equal amounts 01 the vurious serum pm- 
Icins on prvfipilaiinn with sulpl 10-sal icy tie acid untler Idimtical enn- 
ilhioiiB, iiUnimtti. eugluLuliii, and p^udoglolntliii were prc|iareil fmit* 
Imrse scrum. Sol nitons nf these when compared in the ncphclora- 
cter gave surprisingly different restdts. The aihumin gave about 
(wo and one half times as great an oiKilcserfcc as the mgloladin and 
about liire* times as great as the |iscnihigirjhitlin> Cnmjiarei) with 
caseitri «ti>i|wni(iciniN the follow'ing ratios, expressing the light rcHeet' 

* A* ft^niluril mluiioflt rf arc ami sImi Riviif very 

sali^fadUiry cluud^ with jidiL thi^ 

ftanne n ycty ciotivcniciiE tiaDiLmi vi refemt-cF b H^iiluduin^lnc witU 
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ing^ power of e<|ud ammitit? of these proidirTit were found ; Ckscin 
=<}.6j idbumiii s eii^lohiilin =p.6j caseiiK i)seudD|f|oiiultiT = o.5i 
caiicUL 

From ihe results exfiennu^ritiitl^ dFUiined svitli v^ious urin^ 
and from the differences in die clouds produced by cf^iml amountB 
of the semut proteins* ti ii^iy be seen that the nephdomjctric com¬ 
parison of urine^ in which these pfolcins tmj t^catr in ^-aiyitig 
RinonntSj with any definite standard siKh a^ scrum cannot give a 
dctcntiination of the total prr^tcln. We liopc hy the use of specific 
preeipitants lo ajtply the nephclomctnc iiicthcKl to the icpurate de¬ 
termination of aniumin and glafmUn iti urine. This may he of value 
in diagnosb. 

As the object of thii* patter has bceu lo coiiiiidtrr niRinly the 
of tile instrtinirfU and the reasons for this design, the dis- 
cuBSton of its apphcalion to the tktermtnAlton of albumin fti urine 
has of necessity Lieen hardly mure tliafi a suggeslion &f the work 
alinig that line. Tlic results of the investigation of lUh parttetilar 
problem whit the cspcrlnicntal details^ wlW be published shortly. 

SWMHJLRV. 

I, Tbe previous work in utiphelonidtty bas been briefly reviewed 
and tbc umlcrlying prindplc$ of the nephelometric nnil Uvrbidom^ric 
nidUoits have licen conijinrcd. 

3 . A new forni of ncpheioincter ha* liccn described in which 
columns of sus[raisioii i>f ct|tuil lengths are used. The lights re¬ 
flected nre crpinlizct! and compared by rneaiis of a inuvable wedge 
of uciitral tinted glapfi. Juxlaposilioti of ihe two enicrgent fjeants 
b ^eiired by mirrors. 

3. The varialiuus loitnd in prcliniinaTy espcrimenls 015 the 
ncpbdomciTic deteTminaiiun of nlljttmui in urine indicaied that 
wjiial amounts of the various iMrntui [rrnlrius might give differrent 
oj^Jcsccnces. InvestigatToit showed ihal upon precipitaiion with 
1.87 per cent, nf siifphosaUcylic acitL lilt sanic conmilrmiunB of 
9<;rnm alkuinTi ainl serutn gltibtilSiiii g^ivr widely ilinfrrerit clnuib. 

ilARiintA^ flufjiui-n 

The kcKiatviL? lt[>jirrTJiL, 

Ktw Vtwii: City. 
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Tii£ Fi^£ii AuncYctONts Astwii ExrsTixc Continental 

GtAciirRs^ 

Thr Afitkychncs as Agfnts of Gladcr Ali$n*^iiatwtL —In two 
monographs published m 1910^ and latet m my Ch^mctensUciv of 
Existing Glaciers,"* a theory of fixed gbcbl amicvclonc$ tcntcted 
over I he snow-ice tnissc^ of GreenlniKl and Aiiiaxctica was jsut for- 
w^s^rd upon the basis of a coiiiprehensivc review of the results of 
polar exploration, llus theori' fiirnislic-cl an explarialioti for ihe 
notnrshment of these iiiland^icc ma^s^s ihrouKti adiabatic niching 
and vaporisation of the ice particles of the cirri, as they are limwn 
down wltliin the vortex of the antkycloitc. ami the iircldphaiifm of 
this fiiois{uii^, getitrally as fine ice needlc^^ when H comes lino con¬ 
tact with the glacier surface and the cooled air bycr immediately 
aljove it. The obvious aprdiratbii of this Uieory of alimeiuation 
10 the even greater ccmtiiaenral glaciers ot the Fki,stoecne and earlier 
glacial cycles, was made iii 3 sqsamte coiitribulion." For dle^e 
fixed atUicyclones ihtmsdveA, ivhiclt are ikserving of a special 
name, m much mddence lias now accuituitatcd that their csisience 
can hardly be di 5 piETed+ though difFcrences of opinion will tio iluuht 
arise concerning tlicir cloniinaiicc over ur iJef>cndcjH.e ii^Kirt the 
u^ual migraiing cyclonic and jinticvclonic nisjvejnerits itJ the al- 
iiTOjiphere. 

Tfi€ •S'Ofthmi onA SunthL^m Glai:'ial AFitkyctoat:! Cuwifiircrf.— 
That a great fixeft an I icy dune exists ivithm the south |iolar regioit 

^•^Thir Icc Musciet mui Alfuiit tlw Antnmic Ccmtincnt.'’ Zt^uah /. 
GiriJi'tftTk.f Vub S, |>p. *'Chiiraftvfi!!iii'* pf die inlarril-lcE ot 

the Amie Am. Phihi StK., \<il 4), ppi 

* htarnintaTi * Co„ Nfw York and LcEtiflait. loti. ClwtiJ- IX. .111 d SVT. 
jmiS aftwworiL 

* W. H+ " TJic Ftpisttifflue Cilaciitlcin of Nifith Aniedca Vicwcif 

in ttre Light of CJitr KciowTrdgc oE Fxistiitjs C^nthicatiti tl1aeimr"“ .-Eiw 

5 cffpp VoL 43, luii^ pp, When ihis ilieury -of TiIJmrmaiinTi 

was atrouu^cj. i ^upp^mcil ii to Ik new to science. Profesfoc* E^ann CratR- 
mcr haB since callcil my ^Ucotkio m a liulr-tcnown (nper by Fritkcr pnb- 
11 shed [14 eaeJy as hi whk-li a tbnikr idea waa miuJc ai ;i tu^ciiinn and 
At a lime when there was tiltle kno^u which cmild lim^e bcrti cited in Iti 
*tiIJSMin. (I^r. K;4r] Fricker, " Hie Ilinisiehiiug iintl Verlireltung: arturk^ 

ti^hcn Trctbmw." Ein Uvilr^ tm tkogtaphie dvr SucIp^iUiTgchiete. Leip- 
1^, 1S0J, yftj also “ Antarktif, ’ Sckill tmd Gnmil, tlcrUn, frp 
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^ni:i tn lieen tarty fcci^gdi^cd by a Eiiniilicr ai ^cwJitific men. 
d»t especially to the wriiin^s of ilie late Sit John iUirmy* Bcmacdii 
anU Buchaa, it was, however, assmned lhat rhis condition 

was ileterniiiieiJ iti Mjmc niaiirter by ilie canli'i^ ^outhcrti geographic 
^xjIv. xtntl was not c<>nntcted with ihc inlantbice. A litce ralural 
tendency to reg^rti movcnicnt? ividiiii the to'^ver ainiosplicre as de- 
tctoiined primarily by tbeif pofLiiom relative tu fp-tralkk of latitude^ 
is more Or less general, A.’^ an illU!^t^^tion, it gcncraliy assiimtil 
upon the basis of few and icaiicred ob^r vat ions within all save ihe 
ceiirral Eirropean area^, that the ceilitig ol the tro|ias|ihorc in ii^ 
descent from the eepjalofial refitting reaches its minimiint altitnclc 
above the geographic poles, thcnigh it is far more pmkibSe itiat in the 
iKjrtliern hemisphere al least its minimum uf altitude is to be Found 
to tJie sonLhward above Uh' cuntinenlal gkeier oi Greenland. In 
ihe southern heini<[ihcre Ihc Antarctic eontineittal glacier is iirub- 
ably ccjiterefJ near the pole, and in i!on-it!i|ucnce concJtisjons drawTi 
frofn geographic posiiloji^ are ihcrc rcbuively iTidciisive, Dtiring 
the winter the gteai deserts of muilcE-ate latitudes licciiiTie 

likewise Ihe loci of aiiticyctoiies. Tlscir iinluenec u|KJti the genera) 
cireiibitiati W'liliin the e^rih'5 atmosphere ^hcntld Ittf huivevef^ rrt- 
aiive to lliat of llie inland-icc iiiialt \)y compari^n. It I4 t»ccaii»e 
the iidRii[I-icc masses have a domed vnrface that they petmii ihe 
air which is cooled by cuniacl lu Quw uuiwanl ceuirilngally and so 
devdf>i» at an ever ucedernting rate a vone^t of excqitional slTeugih. 
As already poinied om hi my earlier papers, this is one of die 
es^*^eiitial cnmlitiofti' for the tonnaliun of ittong glacial amicycloncs 

Tniuji Staopujc Action Bbljeveij to nr. Dej^e^ukst cimn as 

AtTtlWATlC,\Ul,Y RRCiraatiVr. DlSTUEUANCfi of BAt.AXCE 
ItFrrtVlirEN <>PPUS!SCi FffflCEfi. 

I hr Rrj narrating Air Engmc ,—The atrophic act bn of glaCbJ 
aritkyduncs is ooe of tlidr niosit marked charactcrisrics, and would 
ai^iK*ar to lie clepcndem U|wifi tlie ^hieid-Hke fonn of the glacier 
sutiace. OpposefI to each other are here the abstracUon of heat 
from the air abox-c the glacier surface tending to make it slide off 
mdially, and the increa.!.e of imtiwraiure due to resulting eumkn- 
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sadon. IMikt the tptier, which is deiermineil by the measure ef 
th e vcrticar ftimporieiit tif hs fall, the coni act coolmg h in direct 
rath) to the lime the layer of nir re^is tipori the^novv-Jee surfure- 
ConrlitiDn$ of calm therefore favor cooling and tlesccni of aiV ctir- 
rents* as high wind velociLy, iloes tile warnhim and conseciiieut re- 
tardatinn or even reversal of the desceniling current. It is not sur¬ 
prising, therefore, that the strophic gbcid storms are Ini ikted in 
caini conditions. ivnrk ihcniselvea up ” or bccoiue accelerated to 
accord wills the accelentiiuti of relocity of IkCKlies slitliiig upon in¬ 
clined surfacei |here fnrtlier accelerated hy increasiiig iJo|Jc towanl 
the margins and bring about their own vstinction when the aJr 
passes over the surface too rnpidly for surface cooling to e^tceed 
or espial ailbhattc warming, Tlie sudden check in the outward 
dow of air* w^hich is one of the striking featurcf^ of these 

strophic moveitientfi* in tnm promotes iieW’ surface cnoltng and 
causes the preripiuiion of fre^li snow wfihin the zone of near cojir- 
tact to icCi thus oflcn taking place with the sun hut little obscnretl. 
In the automatic recurrence of ^imibr ttinvcments the glacial anti- 
cyclone thus bears considerable resemblance to the hydraulic rain^ 

The Li.kes of Eviuexcr fok Fi-\Eti Glacial ASTuxcixthus. 

7/tif Evid^nc ^. —The obj^ervatiottal evidence which in 

earlier fiapcrs was adduced in support of the existence of the gkeial 
anticyclone abc\^e coniitaenLil glaciers^ drawn chkny from the 
then available re|jort$ upoti explumtion of ihe inland rice mai.ses of 
Grepnlanil, Antarctica, and Northeast l-^nd fSpiuljergenj. This 
cviilcnce may l>e profitably auminarkcd under the following beads: 

i“. Centrifugal Htnv of surface air current? a1x)ve iulantbice 
mafiFH. 

Outw^ard (centrifugalJ sweeping of aurfacc snow largely 
derived from die central areas* and ik sleposirion and accuinulaliou 
as a umrguiat ftitigc a3xiUt the inland-ice. 

3*^ Snot? in large part wind-driven aliove llie sloping poriious 
of the ice mags. 

4 . Sudden wamntvg of the air at the cud of the h]isrzar<!— 
fodni effect in descending currenis. 

5 ^. Behavior of tippet air ciirretiu ainl innvemcnt^ of the rirrj. 
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6^. The cvotiilion of the Anttircttc Llkaan.^ and its terminatioiL 
j'. Areas of reiadve calm corresponding to the ikt central 
bosses of the ice domes. 

Air highly charged with moisture within tlie flat central a.rea 
of calms, ami pred|iitatiott of snow or ice near the gkeicr surface. 

Cm^nnatim in Laifr lixpt 0 r<atmi. —la. the iliree years which 
ha%'e elapsed since the appearance of my “ Characteristics of Ex* 
isting Glacier*,” important new exj^loratioisi have been carried out; 
the inland-ice of Antarctica has 1x;eu twice penetrated to the soutlt- 
ero geographic pole and tiew areas liavc Iwn explored; several 
crossings of Greenland liavc been made along new routes: and full 
reports upon some earlier explDrations have become available. It 
is proiMsed, therefore, to review the evidence and show how this 
has been enlarged hy the recent ohseni’ations: u well as lo add 
evidence along hitherto undeveloped directions. Such a discussion 
of the evidence seems to he called for at the present tUne, since in 
a paper recently read before the Royal Jfcteoroiogicat Society, 
Brooks has presented this theorj- as his own. merely citing niy booh 
for references to glacial conditions.* 


Eviof-xce Fon Mohe than Ont Antic vctfjNtc Cejttfji Aiuivt 
Each op tuk GaE.vrEE Awiae op tsi.ANn-IcF_ 

Cwnfawi/.—The three irimscctions of the Greenland continent 
which have now been made within lltc central and southern por¬ 
tions. have revealed tlic fact tliat there are at least two higher plains 
upon the snow-ice surface winch art separated liy a depression. 
This tlcprtssion dearly ties to the northward of de Qiicrvain's route, 
since his summit level is considerably lower than that of either 
Nansen or Koch and Wegener, thongh like Nansen's, his highest 
point is found near the east coast. The sou them of the two nouf- 
ifiling centers of the Gremtamt icc-siicet is ilm» located toward the 
east coast and south of the Arctic circle, whereas the citlicr center 
lies toward the west coast from the medial line of tile continent, 

• Cftarlw IJ. Brook*. '*Tht Mtlcurtiloitlra! CwuUiiqn* an Iw Slfcri 
anil llieir Barin« on the LtciEiccadnn of the Glolw,"' Qunti. /^nr. Rgy. 
ifrlrom/. Si>c„ Vok ^ igi4. IT 
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anti in in ns yet ufidetermlncd laiiltide, Uiougii cctt^ly well to 
the noTtliward of Di&co Island (Fjg, i). 


Fic- r Sketch msip n# Cmnliind lo Bhpw rougWy tilt portion of the kt 
dotne» witMn the cmtr^L lied smithcm portions.^ 

^'infarHka ,—TIus cUscovttry that Grmiland U pro^'ided with more 
than one nourishing center for ks intand-kCp h wholly in accord witli 
what now been learned conccmitig the rieisiDcene continniital 
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of Xortli Amcricji^ which hucl tht: Kec\v3iSii^ Laibradofeati 
anti Patrician nourishing raitera that repeatedly waxed and wuict! 
50 aa to reach their several maxima at different ilmei t Fig. 2 ). 


iL ^[4p *h£iwiil« itic kntiwn qnipcythuuc crniem of the 
eonthicntel slacJer of North Americii. 

From the AiitarrtJc wgioti the experiences of Mairson strong! 
indicate a ncar-hy antfcyctunic area jirotNibly locowd near the maj 


^ O’nm.eis AmtA 
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netic pole* VViiliiii a vortex of %bh itaiurc the wind velocity h 
delemiinetJ hy ^ingul^ir I'efocity multfplied into tlic radlii 5 , and hence 
one of rektively fmaU dimensiofi^ should e^vCccd in vigtir one that Is 
spread over a vast field anti in which the sleeper marginal area 
hears a smaller ratio la the whole, Afawson has expressed the 
belief that iiis liase was near the Cdtiier of a permaiicnt antic>clone-" 

Tiie CExmirt-GAL Flow of SyRKACE Air Cvrbentb Aim?ve the 
InLuVNTwIcE MAS=Li, 

Early Evidence ffom Grcadmd .^—In toil when my ivork on 
glaCTcti was pntdisheil, eviilen^ wa* avaibhle npnn ifii^ irnni both 
the eastern juiit western coasts of southern Greenland in latitude 
64* (N'ansen)* from west Greenland in latitude £19’ (r'eary and 
htcr dc Qiiervaifi and StolIierg^>» from northwest Greenland in 
latitude 78-83* (Peaty), and from northeast CiTjzcnbncI in btitude 
77* lo 82* I Trolle). With the exception of the Cfit and last men¬ 
tioned p these data applied cxchistvely tu the weiitertt coast where 
the tiTevailing imrface winds emne from the easterly quadtani^^- 

Lattr Cmifiniwfmti . —Tlic later evidence for the centrifugal Ilow' 
of surface air is ample and thnnighmd confinunlory. Dc Quervpiri, 
w^ho croifLset! the rnlnTid-ice in tQTi Ijetwecn \ht latitudes of 66" and 
found bead winds uliilc ascending the iveiit slo[ie^ but winds 
front hdtirnl Elnring his descent to ihe t^si eoasL* RcferriiTg to 
the low tetnpcraturesi and the wide diumat teTTiiicratiire rriuge within 
the central area, dc Quervain says I 

“ It li itw cultl air lif ihit tniddle part even In 

like water trotn Afi thq LSiili torf^r tuwiurd nJ] tmurgina, deviled to ibc 
n^lu in ciaisr^iiicncfl of earlli rotation (p. ly?). 

lleasurcmcnts of snovt: temperature made at difFcrent depths, show 

*Sir tMuRliiSi Mnwfotu ^ Auftrata^taji Aniarctic Expeilllion 1015^1914,” 
Grtf^r. Jpvr., Vol 44, 1914, pp. -*57-^ 

^ L. r., p. 651 

r The first Swju cxjiedHEi^it, whlfh penturaied fcurnc wvetity mdjrt from 
the (A dc QLirrc^m tm*] A. StolticriE; " Durch GronlaiidA Ei^wuste/* 

Sira^ftnjTF* toci 9 b 

^ A- de ■Qurrt-aini Qiicr durclt« Ciri^lBnrJeis, SchweitcriArht GWinlafiiib 
E^tpetjitba krintuTfli. ^Itincbni^ W4v i<j 6 15 J7 ^nd 

Tftap. Also personal euinniniiiral u nn. 


UDBBS-^ItOLE OF GLACIAL ANTICYCLONE Updii^, 


im 


Low tisiiiclly the air t^^mjierature follows ttiol of ihe srtow (p. 94)^ 
The diary of the journey (pp. 85-104) &hovi^ that for ih^ first 
three weeks ou the inLiiifl-ice the wind blevr almost uriittlefmptedly 
iiorni slope from in front, t>Gcattie more vaiiatilc aitd shifting on the 
plain with $Iope a few seconds of arCi, and ffvers*d direction and 
blew from ilie nortliw'esi soon after passLftg tltc dmde, where slopes 
became S' of arc to the eastwanL 

Koch anti Wegener in thdr transection ol the Creenlaiid conii- 
nent at its widesL section (between tatitodes 72* atid 73*) en¬ 
countered essentialiy the same conditions* the onlvrard btoivitin^ cur¬ 
rents coustiiiiting a vcrititlili; succession of slorms w^hose vigor in¬ 
creased toward both margins of the section,*' 



F.tL j. winjl-n^ ai m Cwn- 

iMd mnd fat iht kit) * sketch niap ,howiuH locmJwi cf jJ,, Nation wiih 
refermce W xitlsind-ler (after \V'rgtfier)ir 


From northeast Grecnlflnd there wan avaibbk at the Lime of my 
earlier discufisions oi the uladal anticyclonca, only a |irclimirtary 

•J. P. Koeh. "Unscfe DiHclinuDnjnjj GriSnhnnU H/u-iniT- d 

Cirrdkrk. /, £rdk lyi^; Alfred Weyrntx, " Wmafiger HerKht 

ulicr clir nriisniKhafllkbeh EjigehiiTsac der Kspcdijifrti. - jbi,j. 
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&l4itcni«u conci^mini the prevailing ^iriMTiiun of svsrface vttnds at 
*he Danish base near Cape Bismarck. Mnre recenily ( [gsO (ht 
full nieleomlrtgical Trjiorl by Wegener lias been issued; and< con- 
finning the earlier amement, s!iovv & that all atrojig winds come from 
die we-^terly I ttiland-kc) tiuadrants. Ihe Frectticncj- wind-rose to 
cover tJic entire period ol two years over which the observations 
extended, reproduced in Fig. 3^'* If the wind force had been 
taken account oft the easterly sections of the rose would have almost 
disappeared, since easterly winds arc aUvavi lighl sea bretaes, 
whidi at an elevation of otify 1^000 mcicrs have been completely 
0verwhelniei! by the riarlli\v<El widds.^* In this rose llic dextro 
rotatory deviRtion of the doiAm-slope winils is ap|iarcnl. 

/:cirfy HHffrncr imm ^lnfiirffiVa.--C)ver the Anlarclic inlanddce 
the law of sof tacc air dtctitation ha<l licen clearly itulicatod by the 
resells of CLK]jlnnuion at the lime of my early discussion of ihc 
subject. The more iiupartani data had been derived from the 
sledge jottmi-ys of Captain Scotty Sir Emesi Slincklcton* Fro fea¬ 
sor Dnivid and l>r. von Drygal.ski. As early as i<)02 Captain Scott 
bad ascended the Femr gbder outkt to the inlanddcc above Ihe 
mountain rampart ami pushed west southwest ward over it for a dis- 
lance nf two hmulretl miles^ ascending on ever dccreaBing grades to 
the farihest point attahictl, and encountering winds of nearly con- 
stani ilircctton coming from ihc south-south west _ The prevaleuce 
of ?uch mnth was flcmonstraicil by a single set of sasLttigi w hich 
pointed In the saine direction fsee Fig. Shackklon on his 

IMjIar journey ascended iltc Bcardmore outlet and for a like distance 
of two himdrcil miles over the inland-ice found sirong wiiid^ blow-' 
itig frotii the soiuheriy tjuarter and sastrugi |Xiiiucd in the i^aine 
direclifju. David ]nislie<l northwest wan I from Ross Sea over the 
inland-ice to ihe south nia^clic pole* crossing over a crirst in the tee 
and £tc?k!ciifling on loW' grades during the last stage before reaching 
the jKde. Here the same rule of distrihuiioii of currents applies. 

I** A. WegtnerK "^Mcil. 0111 GnintiiTid/^ \“ol, 43, pn- 
VVrtErncrt “ ^i^iL uiti Urwnland.^' Vok 4^ 73“7^+ 

For ihit and Either rtfenjncp* wsirk jaihliiUcd l«fore lynx sc* 
^ ClianirttTTilliis uf Ea^hlin^ Qaciwi," ChapUTi X^\^“X^'L 
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on thr < 1 own grade witi<b blew from bellimb^otiOiKist- These 
obserratlons were fully trinfirmcil by ihe ittum founicy 
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!fi Kniscr Wilhelm land also the report of v<jn Dfvgalski shows 
tlul the prevailing winds blow dowiaward oil ilie inknd-jce onto the 
set anil thu shclf-ke in front, hrinf ikvisted to the left — the prevail¬ 
ing strong winds are from the easterly fpiarter. 

LttUr (.‘ofi/ii'titdrioiT- — I-nler (lata tvhich bear n^^an the problem 
are derived from the Amimilaeti ami the second Scott south iK> 1 ar ex.- 
pcilitions, from the second Germao cxiicditinn to the Antarctic com¬ 
manded by Fitchner, and from the Australasian Autarictic cx^wili- 
lioti of lyi 1-14 under eommatiLl of Dr., now Sir Douglas. Mawson. 
The route of L'aptain Amundsen pussci throtiglt the inoimtaiii ram- 
jMirt wltith hfiiiis in the iidand-Icc, keeping a direction diagonal to 
U and for some distance after leaving the outlet behind taking a 
course u«ir a high nwunlaiii range. '"ITte few ilnta up'jii wind 
directions which he has jotted dou’n in his iiarrative, apiwar to indi¬ 
cate 1i>cal currenls control led by these myuJUaiiis until he liad 
rvadieil the (^h pjirfihd, where he entered an area of calms nnil 
tight variable winds.’* 'ITic second Scott eapeiiitioti inasmuch as it 
followed the mute of the eartier ishackleion expedition, has far tirt 
greater of the di■stance, or until it etiicrcd the area of calms, 
served only tn confirm the prevalence of outw.inlly flovvitig wind 
turretfk*scribct! by Sliacktclun.*^ 

Hit* Aiutralasbn exjiorlitiOil s^iippUw cvicJiiuce fmni :i 

new (|iiiiricr—ihe long coastal near the ATil^fi^iic cirdc tu 
Uk wtriibviird af tbc l^ass on which costrt snbnd-'kT ii not 
hL-Iil m r^lniiriL by niiy liiiirier «f mount^iiiiSt nft ts ihe casip in SonlVi 
\'ictoria Along tins eoasl* siimnier and wintcT almost 

inc^^nt storms blow off {he ke onto tbt ste'i. 'lbe;ac outwariUy 
&tnnn wineb ipml lo kt-ti) tht near sw urea clear of pack-ice 
Inlt offer ^CAi rlifficultic:> In ihc way of effecting a landing: at all 
save tiiX3^ rare oo^ioiis when Uie force of tbc wind falls aw'av%“ 

In rriiice Regciit Lun|H>ldi \Amd. where ihv later Ckrnian e?t" 
(^edition effcciecl a landing u^jon the hiland-ice—Ixere likewise un- 
ecntiiicd lij' a mountaiti wtiIJ and with partially dctachotl shclf-ioe in 

*■ R^ialtl Amimdien^ The Seinli roks“ VhL loij- 

Lriit RxfHaliliun,” VVil. CkaiHerfl XVIT-KIX. ^ 

a* “ Aua^tDiljisiiaii .Aaiifciic JCitiitilnlani 1011-141 

CJrotf^. VoL 4+ n>l4, iTujpfc and plnie*. 
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iTOnt—nmdi iht saiiit coi^rliticnii obuiti* die wiiul blmving out to 
sea with velocities somciimes as high as 40 nn.p.s/* 

SWEEPI^'G OF ntK Sf KFACK SUSOW* W'lUCil FAtl^ 

THE CiticrRAL AaFA$ or thf Ick and m Accviiia.^- 

Tiox AnouT Thfik Makcins. 

r/ie Sii™' #ri?e?#ir.—Wliat may be clKiracEerisced as 

die eciitrirugal ssiow brooni which sweeps out snow* deposits ftotu 
the centra] areas and cotlecls ihem u|ion anil alioiil die margins of 
contlneruat gliders, is a necessary cciiisa:|ULTice of strong smti- 
c)'donic conditions- and its vrork is iri evidence wiiliiu aJJ arsL^ 
where inlaorMcc h:is been extensively explored. 

From obserratiaiis by Wegoicr, a wind vefocily of 6-7 Trr p.s. 
raises the snow lying ulwri the ground and scu it in nKition abng 
ihc siirff-tce ill heights up to several deciTncters (a fiKil or there^ 
abouts). With vcmd velocities of 10-15 tii-P-s miJcs per 

hour) the uugrating drift snow rises in a layer several meters in 
height and tnicrfcr^ seriously ivith seeing conditions. With veloci¬ 
ties of :so m.|»,i. (44^7 miles [ler luHir)^ ihc stvfiw is carrietl to n 
height of m meters, or over sixty feel, and much higher in ihe Ice 
of obstructions 111 its path."*' 

The Behw OuHeiJS.—li is uhvloiis that the result? at 

snow drifting b^-^ centrifugal surface currcnls above lok'^nd-ice vrill 
be ditlercul according as the kc mass has been built up wjtbm a 
rampart of mountains (Souili Mciaria Land and the greater pan 
of GrTtnbnil)p or a^ it has been allowefl to shape itself itulqieuftent 
of ^ch retaining walh. In the former case the drift stiou pour^ 
out along the coursiis of the outlet glacier^ Ut form chamcierisiic 
aprons at iht-ir Ixwe^/" or [icrhnps to proditce definite friuging gla- 

i«”I>palKht Antarkuc^Jie KxiieditkpH, tiirndit hIkt flir Tiiliiikinr nach 
VcfLisim %xtn SadBCorgicfi;* Zfttsch. ii, /- Ktrtin^ 

K/TJ, \3l t«f alwp A'^oii. rro*ir Affirarfl/ inidfule. Abh., nd -f, Hdt IL, 
P- ^ 

*t .tfr*/, flirt ^r£it^4irtdf. Vfj-l 4 JL p 

1 " Tn ihc UKhl iSJ elrttrvalJcn* by Swn, ShaL'idpiim artil in ^kiuflt 

ViciorHi Land. ii [weenu poibalJc dial tbcie Aiioin-likr *now m dtr 

form <pf iliT delta* arr due lar^trly if not whi^Uy to \h\n cau*e. ‘Kt.it nnly 
have rxidfiteii idrirnrcil ihi- miiiil flciTIertkiti af ihe ddft *fww at the bale <tt 
Ihc Ikardiiiurc uatlct, but thii urijibi H E>rolia!jlc far the mi->u that acronl- 
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ders siidi liavc be«i (le&cribeil by OiamUerlm** .'ind Salisbury"’ 
from northwest Greenland, anti by the Titles in northeast Greeti' 
bml." 

Slmckleton, whn odtrmtccil over ilie itibinl-ice in liii southern 
journey on a lityer of granular surface snow* rvtume<! over a 
marhle-like Ilixiir from which the Enow had all been Fwe|n: \ty tljc 
fierce Hkiard crtctutiuerrtl near hh farthest mtiiK On arriving at 
liie Beardmore out let ( he foiotd the lower forty niiles of the stream 
buried deep under great drift accumnlationss, Scott on his last 
expcflilion wait muidi le5» fottunalc while on the |datcau, and the 
burflcn of hiS <hary is a prayer for strong wind lo clear the surface. 
As is w'ell known, he cticomitercd heavy g.weepings i>f ijow'ilcry 
drift ^ttovv :u the baue of Ihe BeartUnore. both during his advance 
and on the remrtit and lib floundering progre*^s ihroitgli this sofl 
smow ivas a main contributing cause of the final disaster which over¬ 
took the expedition. 

From wtial is known of the chaf^cicr^ of freshly precipitated 
snow at different air lempCTatureis, it fs possible to rather definitely 
ascribe tlw enommuB sniw drifis which piled up for four consecu¬ 
tive ibtys uiioti the Eeardmore glacier apron as the du^sf mig^ In 
process of melting is a result of adinlxttic rise in icmpcratiire in dc- 
scendiiig curreoEs. This snoiv, Cajitain Scot I tells us^ AVas the fine 
jKvwdery type* ihniigh I he icfiiperatnrc w phenomenally high 

— 31* ^^ttiek to hair and bc:mi and produced pools of 
water evcn^wdiere “ On the retuni the snow here was soft, loose 
anil 44 ndy, and fledge work w'st hkc pulling over desert 

Afarginal Acerfthns of Sii^ni'.—^^aluable new ohm^rratinu^ 
which l>ear siroiifily upon ihijs point, have fwen siipplicd in the pre- 
Jiuiinary rq>ort upon the crussifig of Grcenhind Ijy Koch anii 

an^e of surface level b (ftueraUy oUservrd to ehaioctcffscc ihc Juactioas of 
rribinary’ wiili main gbcicr Klraitr* wbrrcvcr aitow ilritLlng plays ernty □ 
seeondai'y 

VoL X, t&j5. \K ^7% 

c., iK m 

KocIl und W(*fjcfier, “ l?3e ultLcmli^iwbeil Hcohaeluufi^re der Hnn- 
mark-fxpcitilirjn**' jlfitdL dm OVowfilwif, V‘yl. 4t\ Chuin- Vn.-VlfMi 
and fi^s. 

Scott’* tA%i Vol 1, pp, jys-ijet 
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\V'cg(infT. TliM' report almost co^itimual siciriiii in dl save the 
lii'gh«t iwtimt of ihcir journey, ilie wtml <lcsccnflmg the slopes and 
filling^ the air with drift iiiOw. \Vithin the iiKtepiml [Hjrtions of 
llicir sectinn, it was estolilishcd Qial the ^dy granular surface layer 
of snow is Joijictl ahru[itly to a ittore coarsely crystalline suljjaccni 
layer anti cOrresiKmds to the annual fteposit. This laver was by a 
series of nieasurcitietits shown lo vary in tliickncss fmni 30cni^ or 
about eight inehes. in the central iiortion, to one half meter fnr 
ahutit two and a half times that thickness) near the east coast, and a 
meter for five times this thickness] near tlic west coast. Sdiemai- 
icaJly represented u-ith grossly csaggeralcd scales, tlii, disitjbmftm 
is cxprcsswl in Fig. 5. It waj, further rleieniiineil that the snow 



I'lfL 5, niaKftm 10 niiiFtnitc ihc iTNiFftiiial thickcnini: tpf umiujl impiiv 
itcpoth upon the Gfeenland contlnEinai glaiiitr iluc 10 ariittiit; no Milial Uncs, 


Uqwsit at llnug, the winter fdation upon the inbml-icc thrjugh rci- 
atively ntar its iruirgin, was less than oti the coast to tlic isistW'aril.’* 

Still more recently lias appeared the t*re 1 tmiuar>- rqiort of 
Mawsoti tijxm the .Australasian .Atiliia'tic expedition, in which he 
tells us that at llie wtntef station on the inarKin of the inland-ice, 
the winds which 1*1 cw down stupe and off shore ratsed "a *ea uf 
Oriftlng snow which |itiureil lluiiMhick over the lainliicope.’- 

^For moiitha llie dfiftirta snuw ntvrf craspj, jnrt inUful, of irony ibvi 
loeeiher passed when ii was inuxissihre to lee uhc’j Ijand hrltl ai arm's 
lettKih The drift imiw herame chiinreit wnh ettein'dty imil m the Jurfcqe** 
of the winter risht all tmintnl ohiKi, ami often rmL't rimlien twse ainl 
fifluet tijis »ri(jweiJ with ihr pale httu, |i,ht or St ^Tf Siwh 

w«iher Iwied almoir nine meiiilii gf the year. ot smii- 

iiitr, foll^^wect Tp[itxaH in rBsiid succ^isinn."'*!* 

Where tongues of ice exletided *mt to wjy from the shore, snow 
coltcctcrl uf«n them ihmigl* the margiiml 5lo|H;g were swqit free of 
it by the force of the TtjiiMrtL** 


»* A. ^ VrirLiifixer flericht flher eie wi*.erKliaf,|.dirti 

nfsw ilet d. OVrrW. j. i. OrtUn mix 

«Si, LV^^Isi Maw.„u - .^ntnbuan An„„ne Exwditk.n, 

ViA -Mh tvf 4 , pp. ^ ^ 

»• llawDon, “ The Hume (il the Ttiiifanl. ’ lotj, ^ 
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Sutii>Es W.iHsiCNc; of tu_e *\m at the Esd of the Glacial 
B ti312AED—FoKilSC EfTELT IJf DeSCESDIKG 

/fl/rifJiW Fp^/fH iM lilts faiiiilinr foetm 

effect 15 $it ^ phniotti^non aboui the irargMiS of tjqth the 

great contincnul gtacieri that it bsis Tong been recognized.®^ The 
general rule liold^ that the tctnpct^uirc of il\c air m tht 

blizzard b evolved.^ Wherever a tuouiilain ranijiart cxi^s* the 
devation of temperature becomes acccTHttaied within the glacier 
otitlets, and melting to Aittiircliea is almo^L uiiktiosvji except tuiiler 
iht^e comUtioas. An iuter^^dtig exaiTi[itc of thi* which ha* not 
Tieiorc been coiphasiitedi is supplied by Armitagc, w*ho on the first 
ascent of the Farrar oullct fouml a stream of water seven feet in 
widih and nine itichea deep fin wing liesiik the The effect of 

similar currents of Waiter wits noted by iJaviil on his aseeiii lo the 
plateau frtJin .McMtirdo Sound. A rcimrkalde ins lance, also, wills 
long cotuimnmee of higli ieiii|>eniiure, is ihar alwve cited from 
Captain Scott*^ jmimah while carnf^eij on the apron lielow the Beards 
more outlet. 

The Greenland Fw/ijl —^Thc charaeteristic Greenland foehn has 
U-eii subjected to a spedist study by Stade, the metcornlogisi of the 
Berlin Geographical Society*s expcdiijon lo Greenland.*^ He finds 
iTml the temperature chmigcs are much more pronounceil during 
the winter sca^m, tlie ri&c on March % 1893. having liecn C 
and pmhably much more within the space of a few minutes. 
Staile's Conclusion h tliat ilicse foehu winds arc cmmectcxi with low 
areas moving nonhwiird in the Pavjs Straits, the maxiinimi of air 
tcnit»cralnrc and the mTninmiTi of relative humidity cur responding 
eiihiT exactly or approxtniatdy ivfth the ntiuimum of pressure at 
the station, lln Quervatn^i bier ^ruflScs would indicate that SindcV 
moving ilepresAiDns may belter be ri^rdcd as ]ml^tions withtii 3 
stationary tow pressure urea lying over IJavis SlniiLi and Bnffiii^s 

rt^ce **Cliaractcriific9 of EsiHiHit Cinder^-'* Ja>. 

*'Cfi ** The Tijjinp of ihc BbaEanl/* 

A_ A- Arimi^gCp '’Twti V«ifi iu the AnSiiretic,^^ Londuu, iou5, 

Dr. Hr S(aJe, " Uljer Fochncr^cUtrinungrc WesttkuiU? Xyrd- 

Ifn^nSanili um\ dit VerSedcnEUff der LulEiciiithCnttiH- uttil FnidMbkcii ttiit 
ilcf Ifohc, N*adi den BcobaebEunifCM mif der Stnfipn K^nijak. CrE^nbiid Ex- 
tM^difioTi Vtd. 2, pp S0t-5jj^ 

riu«x Aj*Ei, fmu 1 IV, zri n, mixrim ^ 1 ^ 15 . 
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Bay. It would then sifent more In luirniany with the facts to 
reverse this conception and assume that the low pressure area is 
stimulated t& greater vigor by tlie arrival of the strong winds of 
liw glacial hlizcari] over the inland'iee. 

Fitftm Lfrrt md Fochti Clottdg on Greenland Const . — In north- 
ctist Greenland the luonuinental investtgations by Wegener fumisli 
us wirfi clearly definerl reanlts, Tii addition lo full station weather 
observations collrdetl for n iteriod of two years at two neighboring 
stations—^Puslen ig, relatively near the iiilaiul-ice margin but tvUhii* 
a canyon, and Danniarks-ILiven. fifty miles further otttwarcl and 
ujxui the coastwe have systematic observations with kites amt 
captive tuiUoons in ascents to heights genmlly of 1,500 meters ami 
occasioiutlly of ,bocio meters« Tlif results itiditaie that the larger 
weather distiirhances are in the muUi cOfitjolletl by the great high 
pressure area tying over the caminent. that two strongly marked 
lower inversion# in the atniostpherc occur altuost uniformly; the 
first within (he lower joo meters and explainable by surface radia- 
tinn and latctil heat of freeting a«d thawing, white the second lies 
t«twcen a thousand atnl fifteen hundred meter? of altitude, at which 
level the great oiuvrarct stTcaniing from the inlaitd'ice pour? over 
the rock plateau to the wcfilwan] of the elation (average height of 
the plateau 800 mttersi, The most prevtiteut duinl form at die 
stations consists of a sterieii of flat niu<;hroDm #ha(>«s tti a successiun 
of steps or sLsges located near the unier int'ersion level—on an 
average, I^> meter?. Those being dearly clue to foehn coticlitiotis. 
they have by Wc%[vner bwii given tJsc name, “ foehn cbmh," 

Tlic Iweuty-thrce ascents of kites and li.ill.mns which were car¬ 
ried out at the time (pf more prciiiuunced foehn, indiratc that owing 
to the jjartial disappearance at such times of the tower cold ntmsi 
layer, the tejuperaiun: inversion of ilii# lower layer b less |iro- 
nounced aud the teniperatun; fall in the layers above k more pro- 
nounced, than at otltcr times—in ttie most marked instances this fall 


«.\^\Wcncr ^^•^«T^kswlle *m D^nmarlu- 

Haven, AMCrMamt, \d, 43 , ton. p|c tM-35i W Brand „„h a 
\Ve#«trr, -Metoiroloeirvha dc, Siaiioit Fuiterw’' ibtd 

lOtr, pp <146-562, 

*» A. Wesener, “ Drachm- mu! Fcasalhallniniurjtiwe an? srftthrt mf 4e.r 
l>aii«»rk-Expr<liliatt ihW , ^ * *"* 
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i» 7 iif)cf-uiltab^ik. Tht imhn doiitf hyer 1*200 meiers 

is also at such limes much more marked, and tip 10 this level the 
wind vdiiwnty falls oil with uldtucic. Of tfie greateit siguificaucc 
were the mnlu of made at the lime of easterly wimb— 

always light i since these show tltat the easterly whuls fade away 
hfEow the altitude of tneters, at which level they bciromc 

rqilace<l Uy the westerly winds whiclt are iroiitmllci] hy the anti- 
c>'c!ones,“'‘ 

Ae^as of R£lative Cm.m AXi^ or Ai* liiriiiLV Ciiaiic;h> wtrii 
MijtsnniH CoitHKsroNmKO to the Cen^mal Plains 
UraN THE Ice Domes, 

FtniL} £ar/y At the time "^Exifiting Glaciers'" was pub- 

Ibhcd, m olscnational evidence beat tug upon Ehb pcjiul was a^'ail- 
ahlc frcini either of the large coiifiiiental gbekr^t i^ince ueitlicr had 
been penetrated to the central area, Xansert's cmssiiig of Grcein-^ 
Tnnil within iLs narrowed southern portion, had revealed an area of 
calm near the tUviilr on hi* section, hut it could nrii then be predi- 
catcf] that this represent or! more tbaiF the niargin of the central ice 
plain. 'ITte most valuable evidence then available w'as dcrivwl from 
Northeast 1-and (Spitzliergcn)* which ts covered by a dome of 
inland-ke aljcmt a hundred and ciglnly milc^i in diameter and fic- 
tween two Thousand three thousainl feet in attitude in the central 
area- Tlik area of irdaiid-ice had in 1873 been iMinciraicil hy A. E. 
A'ordetiskioirl and Pa lander, who ti mes fdjstTvcd the stniul- 

tancous fall dF irregiitar tce-grahis enveloj^cd In witter and of small 
snow-flakes either roimdcfl or star-like, the icc-gmins Irccring ittn 
mt^Iiately uti faUing and btromiitg auaclied to the hair or cfnthcsi 
cilice ihe air temperatm-e was —4' tn 

Rrcently .,'lc^fifrrd from —rhirtng his pene¬ 

tration uf the inbmhicc am of AntarctJcit. Ca|nahT Aniinuf^vn en- 
lerctl ncjtr the S8th iKirallcI, whut he bcUeved lo be a region of fjct- 
manent cahn or of light winds and of generally clear wcalfter, 
Ai^ evidence at thk, the snow surface was tnuwth ?ind with no in- 

»Ar Woiwirr. " Dniirhun- tanil Jitrd. ilrAat, 

VoL 4 n*. P 3 >. 6 o^t^ 

E'cimtifi Gbcicra,^ p. ^77. 
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(licniinn of (Infting. To a depth of J nictcra no hard snow luyvrs 
were encotiniercd, so thtit ihe ciittini; ot blacks (for ^idc cainis) 
was all but impossible. During the fortnight s|icrnt within this region 
the ftky was dear with ligltt winds, except on two days ’tvhen there 
were snois- flurries at intervals. The lirighicnlng after the snow was 
accompaiiieil by such g high stui heal Him even with most dothing 
removed the per9[dratiati poured tfotii the tx^ltes of the mcn.^ 

Captain Scott, who cnterci! the same general r^ion aboiit a 
month later, found coiiditious nf atniospherc and snoiv which tlitring 
the three weeks of his slay within it, agreed strikingly with those de- 
scrilied by Amundsen. After pairing the latitude hardly a 

day passed that he did not jot down in his 'liaty the fact of vartahle 
light winds -and the noteworthy softness of llic snow suriace, tev- 
cral tiiiKs expressing his opinion itjai the area it one of light winds. 
He wa* cridently pitfzled hy the apficai^mcc of llie clouds. *' wiiicli 
don't seem to come tram anywhere, fnmi and disperse withoitt 
reason." Again he describes them as '* coitiing ami going overhead 
ill! day. drifting from the S. R, hut constantly altering shape. Snow 
crystals falling all the time " (Vnl. i. p, jiyoi. CJn Januar}- ly on 
the return from the pole, he notes. " Snow douils. tiH/king very d«mse 
and .Sjjoilitig the light, i-iass overhead fmm .S., drupping very minute 
Ctystals; l»etiveen shotvers the sun shows and the wind goes to the 

R W-" 

Again and again he calls attenlinn tu the dampness and the chill 
in the air. so litM when the lemiimilure is observed, all arc surprised 
that il is not lower. The sun was often iiliiniiig through tite sjiow 
iiiist, and bright sunlight and overcast sky interchangcil ivilh katei* 
doscDpic sutNemies.s. Near the margins of this area snow hliicirards 
were exi^riented, hut in com[xirison with the Harrier blirznrds Scott 
notes that the wiml w-as snt^}risiitgly light. Temtieraiiires ri>e 
after the blows. Within this central area the s.'istrugt arc mvmd 
in isolateil areas, show crow iliritetions and gentral bek of con- 
stancy. rhe sttow got softer the farihcr they iveui to the Kiullt- 
ward. and it was soft helow the surface aliw* '‘as deep as yon tike 
to dig down." Yet with all the witnl variaiions, there was eridcntly 
a prqxiiiflcrance of sontherly and southeasterly winds. IJke 

“Rotilrl Aniunilwii, - The S-uth I’ole.' Vul a. Chapter Xl.-Xlll. 
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Amundsen, Scott noticed a slight descein loward the pnic from 
latitude which, ia coauectiott vvith Skiddcrtou*s obscr- 

vminrt^i would indicate that a crest of the inland-ice lies to the west¬ 
ward of the routes/" 

Dnia from Gfcrfrlond .—^The account of de Querv*ain^s 
tTan^^etxon of Greenlancl in 1^12 in Eatstintc^* 66* to 70* affords 
strikinirly ^miilar pictures- Whereas for the first three AV^ecka of 
the journey upon the inlaud-ice. or until tlie a went !md been made 
to Uic interior plain, the out weird bin wing winds had been con¬ 
stant as to In: de(Krndct1 U(K>it in bying the courtie^ shifting winds 
of light force were encountered upon the plateau, and when the 
grade hjid been reduced to 3" of £irc even west or northwest winds 
blew lor short snirnfuls* The air apjieqre<l to 1 ms strongly sat¬ 
urated wdth moisturep and at times only the heads of the x^am vroulct 
be visible at moilL-rate distances because of the bank of nnst. and 
lieardSf ehinSp caps, etc, Ijecarnr frozen intu solid frasj^es of ice. 
Once over the rlivittep where the slope took on a descent of tT of arc* 
the wind blew strongly from the iionhAvcst/^ 

Tlic expedhiem of Koch and W'egencr winch crossed Groen^ 
land in its widest seciioti (in latitiitle? 71^ to 79*"h lK?rha[j^iL itir- 
nishes u^ ^viih the most satisfariory evidence tltat has yet l>ccomc 
araJblde u^ion incteon.dog!cal eotiditsotas above the central boss nf a 
conitucnial gtader; fur the rcasun tliat no other ex;Mi^itimv lias^ 
penetrated so do&c to the heart of the aresi. From the preliminarr 
reporl w^e learn lhat above the fiat dome of ihc ke ahiek!, an area 
of attnospherie calm wa!f i*ticountrrvd atnl mudi mist, wlitch in the 
morning was generally dense as to hide the sun. This air was so 
supersaturated with ntDJSUire that the cloihing was ctMiitantly wet 
am! could be dried only uccasfiodiiJIy ami with much dtfficultv- 
Evcrywdicre aliuve (he attitude of 2^jqoo mder* the miuw surface 
WM gfunular and underlain l>y coarser graincil materialn though 
without hard &epanuing crusts/" 

Despite the snpersaturutjon of the nir anil the frci|uent de|Joab 
lion of miiiiiie ice crystiilH frutn the clouds, it is preuy cleat thui if 

« LiU EkEicdhMHi/' t. jifi- 

A. l 3 ^p OutTvain, Quer durdu Cn'iiiliiridt^lfiv'" int 4 , PP- 

WcscTtern ’* Vorjciufiiicr tlcrkhi tiber die wljiscnscluifiitcbeii 
EmetmifW! ifcr ExpcdilloHi” it. tTwr/A f, finfk. ~ //rWnr, 1fjt4, 
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referred t<i ihe plateau surface, ihe peculiar shifting clomU so often 
obficrretl by Scolt and ^\ri]and$en are at a low tei-uL 'fhe diurnal 
tcuificniturc chatl ptlbUsIml lt\' tie Qiiervou fnr his transection of 
Greenland, show^ that nidiaiion from the siirrscc is apparently but 
Jhile imerfereil witli by douds after the ciaiiral pEaiii tins li«ii 
readied, llie abrupt diangc fruiu tins mnihtioTi to one of small 
ilaily range of tenipemture« is found on Iwlb marghig of the summit 
pbin. 


The CiXBi Above ami About the E^isttn’c CoNTrxEjiTAt. 

Glaciers, 


TVir Earlier Data .—The relative aiiuudaiice of arms aitd cirro* 
strnnis douds. not only above lint about the luareins of the con- 
tiiicnta) glaciers, u ill lie patcut to any one who wUl read llie lists 
of clou'l ob^e^^■at^Hns which are published in the reports of ilie ex¬ 
ploring expeditions.’* In lyii it was [lOssiblc to cite the oliserva- 
lioii of Nansen, iliai during liis ercissjng of ihu itiland-Tce though 
the sky was in the main clear. (lio?e clouds which wen; presL'tii: 
were gLincratty the cim OT some contlunation of Oicie \ritii rumuli 
Of str.iti. From the Shucklctoii exjKfdition In the Antarctic it was 
learned (hat the upper air currents near (he winter station generally 
apjwared in ninve in from the northwest fiuiidrani and rt-er eomh- 
crly as they advanced toward the jiole. The “ jiolar U^nds" or 
‘■Noah's Arc" clouds (cirro-strati) in gmenil moved soiithcrlv. 
but to the west of the Roi^f Sea. the " polar lands" moved in from 
the north northeast or northeast veering round from the north, 
llius. as a Bciieral rule, it would .ipjwnT that in this redon the 
npi«r currems carrying the drri move mughly pamJkl to but in 
opposite direction from the sirongcr .surface currenti. In the same 
region additional evidence was <lerjved froiti the behavior of the 


for examples "Wilke. Ex,d.>rinK ExpeUKi^n (when off the Am- 
arctic Loaunmii, VoL XI.. p,,. NonKu. 
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vajKrr cloud above Ml Erebus, which starts frcmi an dcvaticin of 
nearly 14,000 

Later /Mr^jfi^raYfawf.—In endeavoring to m^estignte farther the 
movcmciii of the dm ii|>ori Ihc borders nf tlw ialaiid-icc. the data 
siippHed by the Grcetibunl Eitpediiion of the Berlin Gec^rapliical 
Society have been taken into consideration. Stade in his talnilated 
metcotulogii.'al data at Station Karajak on tlie west coast, b some 
lliirty-nine iiifUinccs Ims siipplied the direction of niovement of 
the cirri o1i*ervcd. Iliese I have ploiicd to fatni a wind-rct^ (Fig. 
which $how$ clearly the dominance of movemeiUs from the 


N 



#crv'i:il at ttadon Karaite, Wvlt Grcrcntand ifederal idcntiBcil ditiuhlfully ^ 
cirri ACC bictudcihi. 

iMjUlhwcst townrd^i the nortlicasL or in oihcr words in the general 
direction toward the interior region of ihc Creciiland glacier/* 

The Evolltiosc of the Glacial 8Li:f^ARi> ANO tts AfiRurr 
TEKMlffATOW IS Foeii^;, 

The Scque^iee of While there h apparcinly much in 

common between the f jreenland and the Anmetic glacial blizords. 

l-L Stade, L pja 417-^1 

*Mii central Europe HH«€!benr hst diurcivcred a general correippndmee 
iHEtweim ihe diift uf tile ^irri Eind lhat ol ihc Uiw |ife»uTe bttt hi 

view the oh^crrsiUon* ef dc Qufrvftin ui^ib the itailoimry dmnicter <sf ilie 
drpiressioii over Eay^ h h uiiUkely diJit this ctmdnetMi can be apalitfl 

10 ilit bor<lefi of ihc iiiland-ict (Tk HesadhiTS, “Uct^er itEe Liiftht'^egung 
ifn Eirmwiivran iinJ die Fortr-Uffn^nng iler hirc>rnelrfw:3tai Mimma/' HfUr^ 
z. Ph^mh, d. /r. m4VoL lyijk W 
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we are tniiebted espedally to Professor Davids the mcteoroli^lst of 
(he i^hackletoii expedition, for a careful stxMly of the Ajitairtie 
type gf hiiHard as observed by liini at the winter stution of the ex- 
(teditlon. 1 shall here cite niy earlier summary of the se<iuence of 
events with sonic personal intcrpreiationfi.** 

’■ The^ scKiuciaec oE evtott duritta » hlimard hc^n» with item It norlEtrrly 
wiads wliicli uminuc for a day or two iluriiii; whteb lenrt'rrateres are tow. 
Dsrid has 4 UeshT«i 1 that ilunn^ this lime aif is flowmj; south ai takt ilir 
piste of flir wtujse volumr has 1i«ii rcduecil a» a result of the beji ah- 
filmeted Itoai It on the ke surface. Then there fullww twn or three day* of 
ahmliite calm, durine whitih (lie temperature tcmiimica m fall Still fnnher 
codlcij u;Km the im turf ace, the atf. a week or mote jfttt tlte calm ksin^ 
nans it> mtiee nut ward in ah dlmtirms Mil so dcrclnpH (on the cdRe of ihe 
barrier I a luuttirasterly htiraaTiL SimulianrousJy wJib this inovemrirl the 
iteani cap over the s-nlcnno of Er=buj. wbkh tKirmaUy indicate* nn upper 
u-urreri from the northwest, swinjn Tuimd to the nonb and tahe* fitt jn 
acrelerated mosxTnrot, as though it wet* Iwin^ drawn fnim that direction 
la supply air to thf void lesultine from the vinlem itirfMC current toward 
Ihnt direcliiTti. anTespoitdinK m the increahnl vrloclty, the liormtl lorhr 
effect nrar the pol* must be much iocreased a* it t* also on ilir rlercntt of ihr 
sitrface current fmn the jitaretw, A* loon at the warttiinB of the tH>lar air 
from this rau*e )ia« Itcemiie gmerBl. the high air prcMure cA ihe ccturJ luta 
IS ituio^leail) rcilured, and thiu the hUerard Bradually tobias about Its awn 
estinetion, To the watmitig effect of (he ilrwendinir air cntrimi there ta 
rather suddenly added the talent hrat of condcwsalion of timiittirc when 
It I* iirrcipitnicd m the form of fine i« erystuU within (hr air layrr* tutl 
iLj^vc ilw furface. Tlic nlhcr finlik-jE tcrmitniUffMi of ihe blizwt] 

iiuy 1* thus in jmn csplaincd, David ha* tu^ijrstcd ihat a ■hydrauHe nni 
effect may ^ imlueed in the air of the upper currcfiu, »h*f* ihs itiam 
cloudj over hrptws, noritiuliy ihc (tniurhilrs, are rrmtioratity revetwd in 
difKlUiB ii the irrminatiim of a hlhr^td, and for a ihort Inicrsal How 
iiortliWiirfL 


Sourcf of the PrfCipthiUd .S'wiw.—■nte actnij initintioit tif the 
sirgitg wind rsiay begin very iiitltfcillv, ns ha.s hetn espcciallv empha¬ 
sized Ijry Simpson** nnd itvcn more slrikiagly l^qip^ht otil hy Mmv- 
Eon.** Keferthtg to the source of ihu mnisutre of the blizzard n< 
the cirri, 1 daictl in syt t; 


“There •*, howevtf, the protnWlily tlia! in pentraj tbJ, .^h,^ ,,, 5. 

ndmhaiicullj melted anil vapi^red durina iu d*Kcn| to tlie platesfl. Uit 
subrcrntmtly congcated a* il mutes ... ^|rf ptove the pkttait 

** “tliaraetcTijtia of Eaijiting GlACieri“ pp, afty.™. 

** ^ Scon I Last E^pediliiin," V nt, 3 ^ p, 

«JIawK.n, “The Home <,f tllirsard," VoL i, Qap. VH. 
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nirfajce-, Thii wrmld lex plain tile dernr »Jde 4 ^ hicli arc mj ifcAmI oi'tt tMiib 
Grtenlund and i\fiLarc[icft liurini; snt^mrs m llie kvcii. U k oF courfc 

irti^ I hill ihe Liixi:iit oJ fad^n unti a» k i> 

fmni tbt Air during iu decent withb ibc eye of the Bf;tic 5 T:lfjftic, will 
cfsuntcrael in viiri; exieni the warming arliabark elTecl: and it it jmfpmli- 
aide that the ti.ing ilttratlQa of AMarctie hUz^rcb uinl their iKifT^rwIiat sudden 
tcrminationi acromion] rd |]|j' ific explained \n part by ihe tr^afr- 

IgrnuitJOTiB ol latent nnri senf.ible Kkii 

* AddktkmaJ evidence for the cpntinmeiJ muI gladaf ralhiT than the 
jxiUr atiture uf llte Antarttk aniicyekmc U derived ftt^m ihp atronB bliuari!# 
^^bserved ai ihe llriti&h winter quitricrs un McMtirdo Scnind. ik^ 

tiffhfrr ^alfj comr frt^m th^ r^mth^ast *i»d wdwftd a fuplirrri 6 y i'lprit/ randi- 
la>hjr, a htiis »^4 t^f //r-r first tttQf/miudi leox n\jt ihui infiurrtcj^d ni 4 d rrhenyr 
luv’pi dimm /rrHw thr ihr hii^h ^tairwM, haH njif fn^m 

tht fvlf, jiiiiV vtki^ror'ift tkf turiU'i ralijfimi fritiv ^jh rn if ujj rojteWy 

dinrt’fiupi. When iks iwwcrs Tjegm to wane, it is onct more.^nnirailed by 
conditions and ihc wrtid afi^lilI comtf from the south easterly awaner-*’ 

/Ijtinfidftfn j i/fff*ru/o^pfof EfCi^rds at /*>difi/fctMi.—Ilardly less 
^i^i^ 1 ca^lt were the dircctton!j tif ^ircvtiiling wimla ob«erve^l si Frant- 
Isetnip the wniter of the Xorwqetari Anmrctic expcclinon 

of 1910 — 12 ,, when the jiosttjon uf (lie stMton is trofisitiered in refer¬ 
ence to aresi» uf tnIsniMv'v titirl ^hdf-ice. The ^eut dame of inbml- 
ice of Kinft E^JwanJ I^d lies to the tasTwsrd stnd southeast%viinl 
disiont unly alpoitt I J 5 niiies, whereas that of Suntli Victoria l^md 
luid its extension to the souih^slwaffh a niiiiilMT tpf times that 
ili^tanee away to the ^rutilh west ward anti we^lwardi Sow it wn^ 
found thm easterly winds |irci 1 oiiiTiiate[| 131.9 fter cent, of the itiiie)^ 
%vilh south west rriy atid southerly winds next in ofilt-r (t-l-nl 
cent, and 1 : 2.3 ™iL rcsticclively). S^mtheasterly winch ivecc 
especially rarCt find as ntlTus reigiwd f^ir 0 fifth «f the time 1 ^ 1-3 
[^r cent.), the winds for four fifths of the |Krr5od are those ac- 
couiilcd for. Earth mtatfon Alnitild deviate original ^uthive 5 ^ler]y 
wliuU into a s^Hithrrly rlirccflrni^ and southeasterly to ea.sicrly.^*' 

/jflrrflaiipffj of Calm and Goh. —^“nic siraphtc charactcrisinc of 
the glacial hlixzard ihtts involves frcc|uen( altcmatiou of calms with 
Strang gales, and all systematic (ibservatinns about the inhmddce 
reveal this charaeieniitic. As already i:joiuted out. ihc srrophic 
ijuality is lo he exjwicted from the recurring di4Uirlxtnce oi balanee 
ami later recover^^ in opposing forces ^anle, p. fklow in tahti- 

Amiindien, “ Tlic South Pnk;' VoL j, p\k 3^1-^ 


HOllBS-HOLE OF QUkCIAL A^TtCYCtOKE iAprii^ 


^10 


kr form art sd forth the fjifrccmaigc of ctLlm days to -tlJ others as 
(letcrmined at sevtrttt stations near the marutii of iiikitid-ict : 

P^jcusTTAfiE Ilf Cju.ii D/^iVi ID .\it ClnTims 


f>]iiimiutc$‘HiVcn, Nonhean Gfrrtiknd^ ___ 

Qittc Afliir* Bomb Vretorui Laiid^" .y 

ScotCs Firs! Eaelc; Sotilh Victoria Sj) 


Capf Evans. SouLh Vlctcim Land"* (up to 4 mile* jwr lir a^kli 

T t eflJ - ^ ■..■.^#...* 11 ^ I ir i| 4 -k .......#... ip « IP p «««. h i « % H 

Framlidm, Whak*! (h|i to 4 mile* pftt lit. per ccni.l **.. 314 

The Thedhv or Cihcl'u-Pciijui W uiaus tue Gu^cial 
Anttcvcloke^. 

Fimv of and Umm -—From a tlitoreLic!^] dew-|ioint+ thi* 
thcor>' of cirrmnpntar ’ivhirb f 3 m eiiiindatcil by the American 
ttittMTolDKisl Ferrel, ttas been a ntosi Mnrmj obidiicln; in Hit ivay oi 
wrciiTiiig a ckar coiicejdkii conctrntni* the air drentation alwivr 
continental glaciorSi Ferrers theon- assumed iha; stron^f wesierly 
wintls sweep about the ^ecjijraphic pedes with incrcasifi^ acedeta- 
tion of vd^KiUy ami corresiyondtusg eeiiinfuirsd effect, pmdtidti^ 
polar areas of caJm and of low barometer, 0 { the somhem polar 
reipon, Hanii dilated as late as 18971^'' 

The whole Anturetti? ctnnint^Nilmr area ui* bi dreadv itiicdi 

w^Jth w vmst ejcbcnc. of which the center U at ihc jjole, while ihc wriTcrly 
windu drcuklc round It.'” 

This dew was of course Ur;gcle £[pceiibtivi\ am I when Betnacchi 
of the Southern Cross expedition tiuil bronj:ln: out on the l^osis 
of ubicrvaiitHis :u Aihirt Lhc evidnice for antjcvdcuiie cutiili- 
tions over the south p4>liir regions, Hann omtiously qtulilied hU 
earlier statetnents in the following fnafiiicr: 

Wegtnor, Mwl. turn (JrmiLp” VqI, 42, pp, 

« Btrttarch], to IWchffrei-iuek. Firii vi] lU Aiuaictie CiinltnertC' 

^Shaw, 'VNatninjil Anioceuc KsepediUuiu iuot~i[»4^ Mete^mU" Ft U 

igijS. 

SlTnjwcmi ” ScoiCs Uut f^Jt^vdiiicpti^ Vol. 2* p. 

Aintiiulfm. "The South Pok," Vol. a, pp, 3Wi-jtti, 

ap" Haiidbuch dcr ae auH-. Vd. ^3, p 543. 
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** Af rrgartli tlic Aniarrlic Anlicj^dtinc, T Sutvc certmtnlj^ iwt c:cpf'ESse(] 
iny^rf 4 tHKc cltailj in my ’ lii you my fsiriy ptjint oitL 

h ia certeiin an nr<ra of prt£$iif^ which is higher than thal of tte 
nrfii+ lying aver a drtlkd ainhnimi. nr <rfTf anj cnitsidenihle Utirt 
arra. Can cocxirt with A grral t>(alar Cjxtfme, fcit is^nec. nmnd lilt S^itilh 
Pok. The very lifmiirraltirc ean iimihici! in the lower mata df the 
atTnfit|hlirrv a [ifcs^ure hhfbtr than ili enviitiisttienti Thr xntiCydcMrt; how¬ 
ever, fnu»l he vety tliaHow, and at U- ittCMkrate eltvaiJinu the ordinufy cinmU- 
tio[i <if I hr atTnciaplicrr must le^^iahhili .. . It (s Jurt pos^ibli; (hat 

further inltami a slight increase uf pressnrt mSglit he ohicmble. There ts 
ceriatnly no dnmee nf ihc existence ol a real comincntal antieychncT SnaA’ 
imtch as at Cape Adarc the lurometer fah* (itjm iummer la wiincr *^** 

The above and Liter r|iialificd ^Latenicnt^ by ftanii^ fail to 
lake projMTf recognition of tht^ facts as kiimvii fit the itnip, and m 
treaties on nictcorolofi^y (Hsldished within tlic last five years, the 
drcum-lHilar whirls are =tLLl tre^tejcJ with rtligisE iiualific:ilitiDn& of 
statementp and as though in hanTifiny mth observed facts,®^ 

Vii7tu of Mdnardus.^VrohtihW (be ftillest discnssiuii nt this 
^uljjcfTt is ib^\ of ^fdnardm in tr)oy, who h so firmly convinced 
that the iiiitioyclniiJc ecmditions that were cntnutcrcrl trr Kai&er 
Willielm I-aml at the timrgiii ot tlic iiilaiid-lce, catiaoL love an 
ti|iwarft exttrnsmn iTeynnd 2.oc<i“3,oao nitiier?. lliat he evtti jiroph^ 
estetl far the interior t>orttotis of Antarctica a kire land area desti- 
itiie of finow/* He syiirs: 

*" Tliv dcvi];tcd twit* of Ajiltiifctic!i alkwr sjOod-s.ocw meters rXTvnd inta 
the great cyclunc at the pfiUr whirl onrl encounter weiterly air nirrmu 
durimi rlie entire year. With this verifkatifn, which also ftirthiT can lie 
^uppartetl by cemin olifi-rvaliimi fmm iht ntarginal ftginn, tin? re follnwi 
the mEielusinti fhql AHtan-tk antii-ychtrr rail ru itrurrai’ br {^mtnt as 
iieli’nr rJrHU'Hf in fht air ciruMhfiisn only in ihi ^arf-T ■>/ ike SomfH 

re^ttrn. . * * At the sea level and oti the Imrderi of tile inliiiid-ice, that 

•^r^ttrr w'rilien in Qptaiii R. F. Scott In nm Th^r *^rtiarrfii: .ynnunL 
irjvT, ;i. 34 

lA'hrhficln dcr .Vtcici^rnlogie,** 5tc anfl*. pt. J45; Klirftainhjgic, 

Vi>b I, p, 

*»Mtiorf, l^rjwnritlve AtelKirol^i^gy," fyto, p. 141 . Milkaiiv, 
iQfj^ p. j 6 j. 

**AV. Meinanhij. " xMcteondngiEchc Ergehtiissc tier WinterststicFii ficr 
' GansV Tijoj-oj. Dciitjche S£id(K^lar Ex|>etlilinn VoL 3 {^icUaral^ 

trt VoL i), p^ 33 ^ (Hic italicj arc in the ongmal, W. H H ) 
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i*. «Hbin tJ]« luiuurn cua#t atcu, iLr aniuj/vlnmr cntidihMif drr nrjt jx-t 

Refcrrinjf 10 l!ie observations by Cnjitaiii Scott and by cithers 
ut>oii the jiialcjiu back <if the Adniirally Range in South Vetoria 
l^d, ilciiiardus ts ciuick to seiee upon the westerly ivtiuis ivhJdi 
there prevail a& evidence that the andeydunc has at these Irt'cU 
given fiktcc to the supposed tivcriyiiig cyclones t failing utterly to 
note that the winds are here blowing iJircctlv down siojic from (he 
ice plateau—that is, radiatly.^ dHlier sLitcnitaiis in the rcjxirt are 
likewise strikingly at variance with Tacts eilher known at the time 
or revealed by later eiqilonilion. 

Ohjedhv Studies by Biirtme in Atitarelka .—The lirst ojj|Mif- 
tunity to measure llie upward cxtcjisiun of aiiticjclonic eunditions 
over Atittirctica, has been taken advaiitagc of by Harkow, the 
melcOTologist of the Samnd Gentian Amarctic Tjcijodiiidii; who at 
the margin of the inland-ice of rrince Regejtl Luitpold I jnd fUt. 
it 4? 34 4^ \\.) lient up pilot t^Uoons, emc on I’cbruary 

—, lyt^T to the extreme etevatirm of tyijoo meters, or over S ktti 
above the base of the stratosphere,'^ Tliesc obsetviitions disclost* 
Ihe fact that easterly and tiorlhcasierJy w itiili. prevailed at the lime 
of tiltscTvatioi* in all levels i/p ta the fcf/iay pf the traftosfhire*^ 
whereas with the beginning of the stratosphere, where at an eleva¬ 
tion of 0.000 metcra the wind lunt^ suddenly tlircnigh an aujile nt 
i8o* and blows steadily from the sonthwMt. If. as is probable, the 
margin of the continent corresiioncts to the mairgifi nf the iiitajiibicc 
dome, Ihesc observations coimdercd with duc regard m the kpiowm 
deviation indicate an anticyclone feil hv cittrcnls above the trojKH 
sphere. liarkow calls attention to the sr>«nilation- of Mciiiardns 
above refined to, and slww* that they nrt contno-enetl tiy ihe re- 
of his nlij^rvaliati!^. 


^ U c- |i, 111 liAfTTioii^ 

%\Ti€t t^Diffrly win ill, aucl ihh 

GJjicicri,'' sitifj aiiKc, p. 

p. JJJ. 

K BarkiPWp “ Wrliiijfijfer Bi>riL-ht 
u-fiutiijfiMi tier lii^tttKhm aflUirkTiwKflJi 
^rruju. In$t„ Nci. Jfj5 Vert, 

itolici arc mine.—VV. JJ, H. 


with lEir fMts kiiKtm Bt the rime, 
are here the rule (ef. “ Eaisliir* 


iber die 

fCx^Oltlciii. lOlt-Ji* 

S(K 11 ), PerJin, u(i. 3 
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Barkoxv also cairictl Out kite and halloon ascents, of which a 
jirojianinnatdy slt(;bt jmr crtit. oii1>* faHcd lo show strong mvcfsioits 
of tl>c lower atmosphere, ihtse mvtrsioiis being prujKirtioitfltdv 
botli strong and frequent during the winter season. The entire 
lower layer of 2,000 meter? height w’a? shown to hai'c an average 
higher tcniperiiture than the Inweniiost layer, the lenifieiature rise 
from the hoitoni l>eiiig often as much as lo' C., and in one instance 
1^.5° C... In the spring season an allcrnntion i»i inversions i Blatter- 
stmktur) was observed. 

Df Qtiervain's StHdir^ in S^Hthu’fst Cr*'cfilond .—Xo le?s tie- 
cisivc in showing the ahseuce uf polar whirls are concluiitiiis to lie 
drawn fmni flbMrvatifrti* oti thu iKinlf^r^ of the inLiiul-ke ol Grcircj- 
land. At ;i fiumt>cr of statinnA on ihe and coasts 

raniftngr lictwecn Latitudes 64* and , de yuenMitn and Stolberg in 
itjoy conductrtl a?iccnts oi pilol iluritig ilte spring aad earlv 

STintnieri carrying thdr obRc!rTatidti& to ejrtrenie tiei^liiir ofteti Eti 
i?xt‘e5s of lo^yoo nietcrs (6j^ miles)-" attcl iti one instantc of 16,000 
ifictctftH In iyi2 l>r£, Josit sitiil SlolUcrg Siuppleinaited ihcst" ob- 
flcrvatinns by a second series carnal out ihrotigli the 
Asiih results eoiicemtiig which only a |>re!imiiniry staternent h 
ycl available,'^' 

As has alre^ndy been explitined, ihc pecailing ^tirface ciuTvnis ai 
tbew stations nre contrailetl by the Greenland anticydoncs artil bIcJW 
from lilt Skoutbeast-criy cjuadratit^ Usongh with eoiij^idcruhle modi- 
bcatioii hy local conditions l^elow the level of t.ooo ttietcr?. On 
the toasts of Ki^ balloon ohsefralionB, <lc Qiiervain haii^ dedaral that 
lesisl 111 i^rcaler devntiims a jiolnr wind which l5 in any degree 
uiiihcd ami connects the tlifFerent low pre^stire regions of the cir- 
Climi^dar Intitudcii, cajif lor the lime of onr observations in Green- 
bnd and lettand, noi be ihmtght of/" This condusiini was later 
cxlendctl lo the rettiainiiig jiortinn of the year, as dearly Elated in 
the preliminary anmninrenicnt of the re^ttlii of the later ieric^ ol 
ohscrvatiofis, 

** At du Q(ii'rvasii+ "* Gleichreitlge Filntatif^rkj^e In Wtsigr^inland iintf 
liliintJ, VcrasslaUrt durdi die Acliwciitfiach-drill tclim GKHiktid-exrcdition 
imd das diini^chc inei^r^dngliAcbi: rFifitiiat.” i^dir. i. Vhytik d, fr. 

i^hdrfj VpI. 3y i^tj, \}\\ l 

tk OtnrtViln- Qinrr dnrrbi CnmlniidEi** I Jit *cbweiMriM:lic Grcjn*^ 
land-Eat^ediiiriR ^Innkli, 1014, p[?L (> J7 and may. 
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Distribution of v4jr Circulatioti in Succ/ssitv LfV^h tht 
Inhttd->I(^ ilargin.—Dv Qucrvnin’s data upon wiml direction tire 
Mt vitally im|»tirtant as to merit sonic j'lirthcf cotuideration, pnrticu- 
Jarly as regards the distrilmtion of circulation within the <JiffennJt 
levels; and I have therefore used them to pbt the wind-rosts for 
each of the lollmving ranges of altitude; o-i.ood meters, ijoqo- 
3,000 in., 3 ,ooo-s.ooo m. (also sefaiaicly 3,000-4,000 lu. and 4,000- 


K 



5.000 ni,), 5.000-7,000 td„ 7.000^,000 nt,. ami y,ooo-i 1,000 m 
Fur the lower levels Utweeti 4^ and 58 ascents were available* 
whereas above 0.000 meters there were 13 and The wiud- 

rose* have been plotlid with weigbling for 
contiting .15 one imit mid the nc-irest unit being taken) 
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velocities less than 5 ra.p.s. were tlisregariltHl. The cesulis, whudi 
are «t forth in Fig. y, show tl»l bclow' an akitude of t.,000 
nwterft live wind, usually of low velocity, is uolahly variable and 
controlled by iccal conditions. At the level of i.ooo iiietcr* the 
oulward fluwing currents make their appcaranL-c in force and con¬ 
trol the cirvulalieiin up to au altitude of between four and five kilo¬ 
meters, above which level inwaril hlowing currents from ilie sbuth- 
wesierly quadrant are of eriiuil frequency and of aliout the same 
force ai the outward blowing curnenis from the southeast. Tlie 
clockwise deviation of currents in the anlitwcloiie lead us to sufjpose 
that the outward blowing currenis start from the interior in a more 
easterly tUrccLioD, and dial the, toward blowing ctirrents front the 
soiitluveai are almost directly 0|);«sct1, when lUcy arrive in the 
interior. 

The obscjfvatidns of Wegener made with kites and captive 
lf;dIonus in Tvotthcast Greenland, were not gcatcrally carried above 
an altitude of 2,000 meters, thnugh in a few instances cuntidertdily 
liighcr. They agree atnung themselves and with those from west 
Grcenbiiid, in siiowing the prwenw of reltitively variable winds up 
to ftltout 3 thottsand meters nllitude, where these currents ,trt re¬ 
placed by the strong winds coming down the stojw of the inland-ice 
aiiil UlCTeasiug in force and m clockwise deviation Os one ascends 
to the limits uf the fdtscrvsiiions, While ihey arc therefore of great 
interest in Tcvealing the strength and tltc upwartl esetenaion of the 
gladal anticyclone, they have less direct hearing ti{nan the question 
of drcuni]Kdnr whirls^** 

With the iiljovc data «f Barkow and de Quervam lie fore us, it 
Acems that I he time has arrived for laying ihe sjjcctcr of ihccirciitn- 
jKjlar whirl, anrl of returning to ait objective Imsis of rcasoulug, 

WtNPs Anour tjib Margin of the fNLtNU-Ics as Mbasitre of 

THE Vtra'R OF TTIt! ANTARCTIC .ANTtCVCt.OJdF. 

The Zi}»e of Control off " If'f/frri Z.nnrf,'’—Tlie vigor af a glacial 
anticyclone may he mciisurerl, upon the «ne hanil, hy its cNtension 
iipWiird from the gladcr surface, as has been considered in the last 
sect ion. L’fton the other hmid, it may be jjossihlc to use the cxicn- 

s* [let, "nradicn- tinil Fmcl]ii1Ioii3,Hf»EirEr." kc-h, pp. 55-59' 
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sJtift of its drctilatTon ouiwani iMrj'oinI the gltucJcr niai^ti as ati tnik- 
pondent nicitsuifc of its (tiergy* This latter line of inqiiirj- is a 
particularly tniitful one, for hitherto there has txjcn a general 
tendency to delimit the zones of wind within ihc Southem ooeati in 
lenns of ptiraUels of latitude.'^ Some years ago under the strong 
impression tliat the vigor of the Antarctic anticyclone should domi¬ 
nate within an catni-niaTginal zone upon the sea, 1 plotted Uic wind 
observations regularly made hy die Wilkes Ejtplortng Kxpcdilioti;** 



Fir. «. Miip fif B jwinlrm Aniarcuoi on «rhidi thr witni difmloiit 
fffofdtd Ly the Witkw Explorina Expedition Lavr twtn ptoiicd. but wiib tlie 
mataiat of ih« eoDtinnit eorreeted » bj to ntwird with man Tkf 

QfTujtrf iff the tmtid </uur;rr. 


htil v.’as jitixiled TO dnil thit. whereas there was evident control hy 
the antJO'clone within a rone several degrees in wiflth for all points 
to the westwartl of long. J 50 ’ E.. this di.l not hold for the fflisteru 
portion of the roiiit Now that Mawson has definitelv di(.wn*< 
Wilkes' to have hem in error in haling the margin of the con- 
tincfit (or that portion of his route to the rastward of longitude 
150 - E., the apparent lack of harmony which ! cncotmlered Mtfli- 


Cf, for txample. Mrtnatrluj, 1. t. 

« “ Wilke*-, Ex,.|.;r!ni E*i^diti.t,.~ Vd. it f Meteorology), pp. 

/anr^ Vnl, 44 t heiUrinher. 11^141. pp, 


27 J- 3 ^^ 









Sh I 


IN AIR aRCUIATlON OF THE GLOBE 


217 


dcntly exj>l3iiie{L M will readJIy seen by reference to Fig. Bp 
wherever Wilkes was withm zibout three degrees^ or sume 200 
of the inlitni)-ice« the prevailing westerly were replaced by 

southerly and southeasteTly ones blowing off the ice, Mawjson's 
ow'u oliservaiions leave us in no doubt wlintevcr that this rule of 
control holds for those margins oF the continent which Uc ciKplored 
to the eastward of longiujde 150^ IL 

So apparent is the atone of control Imdted to a belt of 200 nules 
brcailih, at ihe time of year wdten Wilkcs made liis observations, 
that the wdnds within and those wilhout this tone for several lie- 
grees further, Itave Iwren plotted in sepitrate roses wdih resutts shown 
in Fig. 9. 


N 



Fir- ijL .\t ihc Icfr; winBl-ro«e nprirTi U'UkciV ci1i>tTvali'tiafc al 

points dituni less thiUt Jpo ntiEt^ frum the uilaHil-ire;; ajMi Hi ibe riRhif wiad^ 
ro$Q lor ft inSKi icverAl demw lit ^Mth. lytn^ immcdiAictT Mitt^ide the cont 
dI control. 

Capt. Davis of the Austndian Antarctic Expedition cites an in¬ 
teresting incident In the voyage of the ^itrtira oil Wilkes 
which iniheatcs he was at ihc margin of the 3:one of cmititil,*** 

The wind observations trade by the " Challenger Expeditionat 
poinis which we now' know' to have been near the mtand-tce,“ axe 
eortrirmatton of this condusion that the effect of the aniicycloiic 
extends outward frean the margins. Had ilic observations been 

*** Hpric oi the hhuHrd, J; ^ -le 

^ Ctuhcnjtcr Reports, Stiiinmir>' ol RcNults, Pint |Wt. chart ba¬ 
thos c of the first German ex|K:<Hliaii in looi-oj,*™ offer valuable 
\V. TittcJn^rdiiK^-^ rieiitBclic SLid|m3^K)<^|KdiLEcifi ol. J f Meteor., 

Yol J>H l^ti- ii-a^ 3 IW 

rioc Auu. nttu w., uv, tiS 0, riiirmi ado, 9 p 191S- 
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taken m the winter acaam, it ts well nigh certain that the lone nf 
comml w'oulit have been found much wider, 

Errecr op the GaEESL.^xn Ajrrm'ajoxE Ufoy Migratixg 

Cyclonic D^rnEsstoNSi 

Supposed Passage of Cyciones Aeross the Conihiental Ghcier of 
Creenlaitd.—\ queaUon which lias been raisetl in connection with 
the Greenland eontincnlal gheier ooncems the interaction of the 
glacial anticyclone and the migrating cyclones which have been sui)- 
posed to move in lowarij the continent. Upon this assumption it 
miglit he held, u|>Oii the one hand, tkil the cyclone temporarily 
overwhelms the anticyclone, ami ■* spnnging over it continues upon 
its course: or, upon the otlier, that the cyclone is extinguished by 
the greater vigor of the anticyclone. Evidence which is now fast 
accumiilatiitg shows Uiat. if tiie cyclones really adi^acc toward the 
anticyidone, they are at least tialtcd at its inorgiii, and that both 
become parts of a system of exchanges fdanetaiy in its scojiC. 
There Is. however, upon the assnmtition stated the possibility that 
an esiiecially vigorous cyclone in appro-iching the Grcnjland coast 
during one of the weaker stages In the aiilicyclcnic strophe, mav 
make its influence fell not only urM«i thir near side of llic anticyclone 
hlit beyond it -tg tvdi. 

Pfoasens Oi^senalions.^Knnseti'i cottdiwion after his crossing 
of Greenland was, that “the plateau seems to he loo high and the 
air too cold to allow depressions or storm centers lo pass across, 
though, nevertheless, our observations show that in several in- 
srantes the depressions of Baflin'a Bay, Davr* Stmit and Denmark 
Strait can make themselves fdt in the ver)' interior. VVe eaiteri- 
enced, also, one instance of the crossing of a depression in the 
storm center w'hich passed over u? on Septemlier 8. This oiust have 
been, according to Trofessor Mohn, 3 secomlary depression which 
lay over Baffin's Bay some days before"*^ 'phts was. however in 
latitude 64^ where the irdana-iec U extended southward in a rela¬ 
tively narrow tongue. .According to do Q^iervwin on hut one occa¬ 
sion during the penod of his observations nn the Greenland west 

*'" Krrt Crnssing of Gremlaoil.'* \'q|. ji, 
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coast, was there “an approxfnwtion lo establiahiiig” a rdatiotuhSp 
between an extremely rare northwest wind in the upper Icvds and 
a dcqi low area which Uiy over the Greenland Sea,** 

Tfu High Pressure Stomis and the "TaubcH” Drfresitoiv 
Registered at DaHtiiarks-Hai'en. —hi eotinectioti with the series of 
continuous meteorological observations made at Danniarks-Havca 
in northeast Greenland. Wegener found that while low pressure 
areas of uomial character arrived; at the station, they aplicared to 
pTocecfi from tlie area of the Greenland Sea: aud in tlte absence of 
paraltel observations, lie assumed front tlic soutltward. The great 
StoiTU!! Came with an expansion of the high pressure area lying 
above the ci>ntincnt—so-called " high pressure storms.’' During the 
two years over which the oliservatiims exlendcd. there jiassed over 
the station on two octnsiuns (October and January), what Wegener 
has called '* tauhen depressions. On these occasions the txirom- 
cter took a deep plunge with reverse movetuciit, as tt does during 
the passage of a tropkal cyclone; yet there resulted neither pre- 
(.npitation or any kind nor atiy wind worthy of mention. This 
nuher reniarkahle phenomenon Wegener has sought to explain as. 
dne to a ig'clonk' movement which lias “ sprung overr" the aiili- 
cydotie aWe llie inktulricc, anri in so doing hae been robbed of its 
moisture,’* and also, it would seem, of its circulation. 

In view of all the fnets. tlicre is reason lo doubt that " low “ 
areas ever get across the larger domes of inland-ice; and the storm 
patl« whicli Vtric«it has drawn across liic continent of CireiiLind 
as though it were an expanse of ocean, should tic accorded little 
weight, though it would seem that Wegener has been somew'hat 
mflucnced by them,*’ 

«lie Ou^rvadu. “ Gldetieeiiiite Piloitall.itriiiifiiiege, cte,.** p. 146, 

Fcrhflti* Lufjit tmiiiiatcd, ** barren,” ^ 

A. V^ cjfcncr, ” MvUomb Trlrmitiljcob, ain Lian mark e-Ha ven,^ pp. jiSL 

'iJL Vinecnt, “Suf la iiiafclie itq miaiuu kironi^rtiitwv dsn* b rislatt 
^laire srctupie. tin mnri tie Bvpicsitlife 18&1 au mots tl’aaui iSSiP Jlej*. de 
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The Eixed Low Pressuke Areas Makuinal to tjie 1?!LAN'1>-Ice 

Masses. 

.'Jnloi'fJu'a,—The Filchiicr c^pcdiiioii sients ii> liavt esiaLlbhcd 
ihc fact ihiLt a fixvd Gycloiiic ilcpn-^siaii Itr^ ofi tlic l^ordvr of the 
Aiilxtrctif: cuittineiit ccivcritig the InJencation of the Weddeli 
In the light Ilf this tliscoven' ii now se*nis highiy pfoUubly thill a 
stniibr fixed ileprcsisbil IfcA alwvc the ttKlcntaliurt of tfie Sea 
Oil the other suit of the Antarctic regions Mtl In nearly simihir rc- 
liilioiistiif) to the mbntf-ioc oil either 

l7r‘*viifiiiiif.'—U is ivdl kriouTt that a fixed Jniv which ii ei|je- 
rially iturkeil in the winter seaiion lies off the southeast cnast of 
Greetibnil. usually assumed to wrap itself about Cape Farcwdl tn 
the form of a crescent, and extends northward into Davis StraitsJ* 
Recent sludies of the free alinospliere by tie yiiervaiu at Tarious 
jiuiuts on the west and southwest coasts of C*reciibunl mdicarc tliat 
a stationary area of low barometer {{iroUaLly cuntittuous ivith this) 
extendi northwxril hi Baffin’s Hay as far ai Ita^t as fJiacu Island.** 
The stmultaneons stiidies carried out with pilot halloons ai Akureyri 
til Iceland, indicate clearly that a sLationary depress)ou Uci over the 
Grcctilfljwl Sea tu the northward of Iceland anil iHilwccn tlie Green¬ 
land and Xorwcgian Coasts.'' The Danes frum the Jimrncya of 
bottles set adrift during the ex|>cc!itioii of ujoti-oti, detcrriiincd tfiat 
the eurrctiis w'ithhi iliis sea are sucli os ivuuld indicate a fttaticnaTy 
cyebtic, si nee iiioverncnts were southward along hut off the Grwn- 
bnd coast wilil iieju- the hlhtnie of IcLlond, where they are ik- 
flccicd castw'ftrd and Inter nonhward so as to follow the lictid of 
the Norwegian coast.” Thus alwul IkuIi ilw glacial aiiticydonc 

c. 

t»Set Jl. F. Scnti, “ V'/yaRc of itit fJiifnuvry.'' Vul. a. p. 4JJ: L Bcf- 
nudn, “To the i^imh I’nliir Rrsimif, iixif," p. W, ii, UniM, "iViljir 

Bjiplorad-Jiii." Niw Voik, lyii, I^ ifejj Stmimm, “ Scoit'* Laji £j,i«djti»n ■* 
Vol- 2 . 1 *. jxi- 

for exantiik. BerKhmif. “Atlw dcr d*. 

»A lie Quervaln, “‘L'letchiciiit'r i'itcutialloiiaufsjieiie \n Wnt)jriirland 
and tiluril,” Pfiiriof t HfiyuA. frrun .-ttmurth^Tf, Vol, s, lyjy n. iit 
dr Quervuiit,. L c_ p. i^jSl i- 

rrAU. Tr&lle, - J>:iiimnrk-Eltsi»,IJiioricii tH Gronbui.li Nor.ltnUtyit. 1901- 

oft. midi:T af L HIjrlinj-EFn^bwnr Mfd. .^in 6ViUrJl, VW. 4t, ^otj. 

5«! also. Sir J..bii Murray unit l>r. }. Hjnn, 'The Dcpthi'cif iht Octaa," 

Ldodori^ JiiUh V- 
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prcniiwt h would now Jippcar lliiit the fiiarioiia.n,' located 

where bnd barriers o|>;K)Ke a progressive muvauent. 

The JtotJc or tn^ GlacIoU, Antici^cixixes of liic,n t^ATTTC7>es is 
THE GESeSAL Aik CI3itt!lJLJLT^O^^ 

C cVf iffiHfou IS Throfif/h Cyclones and Aftilcy^loHcs, Nol Merely 
tt^ithin ThtMr —In an earlier Mctioii it has hcen iliowTi how the 
prtconceiviHi notion of a \H}Ur cj'dDtiet tlic drcniTTpolar whirl, lias 
held back the advance of knowledge where the |H>lar regions arc 
cojiccRKtl! anil hi>w this lltcor>' has now lureu efreciuailty" Uiflpcijwl 
olUy the iiljscrvations of dc Qticrv^aiti, Stolhcrg. ttarkow^ ntul others. 

The jjfrogressing ci^donesi wilhiii the atmos]>h(ire were by Ferre! 
assumed to Ik: synimetrii:^!! in Uidr Jistriiiuuari, with warm upwanl- 
moving ceiUral jjortions and cold margiiuil rims; to drcnlaie die 
Siune body uf air which repeatedly pasw's througSi ceriam paths: 
3Ttd lo have their origin in areas of excessive local iniSdlntton, 
Instead of being symmetricaJ^ as has now $o generally beni 
sumerh the study of E$otlterntfr in connection with cyclones has 
$hown that these lines usually trenii in ilie Unlicd Stales: frotu 
soulhw'i^t lo northeast, crosjung the cyclone by cjultc regular 
iitiitead of lieiiig dreuJar iilirntt its center, “Hie evulence derived 
from irttemalional cloud obscrvatiunn would seem m slmw^ that ihc 
cyclone h a form of eircu!ntion thrauiih ^^hich fwh fi^rlwns 
iht ^ontimir ht jrtrfitiu* and IkjiIi cycUsnc!; and rititi' 

cyclones are to be regartled ag eddies w'hkh at the surface of the 
canh have each a hot and a cold side. Hie same ait streams 
through Ikotli^ its progress when projected u|>tKi dw r^rtlrs surface 
tndiig .1 ^iminu^ |iiic« 

Brhs of Praffresshff Cychnes and AnUcydom*s ah^nr the Aut- 
arcfic ClrVecfiii AniicyctourSr —Tlie soul I tern hemisphere, behig less 
Invaded by the comlnttms, tiffers for llte purjKkws of sturjy ^rniiie 
advantages on the siile of rebiTve slmplictly, and it hiis in its 
meteoroTngical as|>ccis recently cumprelienslvcly ireAlcd tjy 

Lockycr/" ivho I'tos taken full acroimi of the rviult^ of Antarctic 

W. J_ S. Loekyrrp ^Simnlieni Hcrteisiil^eic 5iirf,'u'c Air CTrculattrm^" 
dr,, ^lar Phywc:i C.cjinmluct under dhcetk'A vf Sir NurnEut iijckyrT, 
UiniUin. i«iiti» p|v. mo, jaU. 
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explorations and lina endeavored to ahow the coriju^aie relationship 
of the Antarctic anti^'ctone area with succeiisivc ronc^ of c)'c 1 oncs 
and unticydones which migrate in an easterly direetton arottod it. 
Ttiiis ti IS found iliat Ijctwcen the low pre^nre innc$ lying within 
the tropical and the Axed high pressufie area above Antarctica, there 
ate centered near the lariltidc oi 40" S., a series of broail anti¬ 
cyclones which progress castwardly and province the eflfttt of a 
zone of OTEm high pressure '• To the suuthward of this series of 
anticyclones and centered near the htiiudc of Co' S., there arc a 
series of oione vigorous cyclones of smaiJer dianteter hut pn^reis- 
tng castwardly at about the same angular rate~ As tve now hiiow 
fTOiii later obscrs’alions, the statinaan- cyctonci lying over tlw 
Weddell and Ross Seas, establish further connection with the and- 
cydones al>ovc the Antarctic continent. 

The cold outward flowing enrrents from the Antarctic conti¬ 
nent upon reaching the ztmes of progressing cyclones arc IteUcved 
by Lodryer to ascend in them upon the west side, thus aocoimling 
for the cold western half of these cj‘clotic$ near the ocean Tevel. 

The .Australian Antarctic f% 3 cpcdition appears 11 nw' to have Suf^*■ 
plied the evidence for such a rise of the air at the ftomlwm margin 
of the progressing cyclones near the Iwirders of .Atldie L-md, As 
Mawson puts it; 


" It aitptafed 4 b if we were *ltiiJHfrd on tile la t tie fid d, » to of 

onFwntf Fntfei The paetfUi inniiwtce of 11,5 ■ nenh ' would bold iwar for 
a lew houn 4 whole day, or ev«B It 4 fev, day*. The,, ,he van enrnrtM 
of The Noeih' w«t 4 hw to the hnr*Hi,K paiit ami 4 -ihutagh hllKard' 
would tjc the rrmiL" 

At this iiHictinn znne of the glacial antiej-done with pmgressing 
cyclones, the air rises to produce rohiting cumulus clouds, and it 
seems not unlikely tlmt ihe irilcresting •'whirtics- arc cmiticctea 
with ihiR ujirtse,"’ 

The air having asceinlcj in a cytlom: gn iu journey nortlnvard 
toward the etjuntor Is Ijclicved next to |ass rlownwartl through the 
|«t>grwsinff anticycloncv m the northward, and tn reach the ocean’s 
surface as the UTirtti emrem on the wrtt side of tlnwe eddies. 


Mawion. “ Tlie Horn, of ,(,« Vnl. a, pp, , j. 
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Maw^oi/s iletiiojisnmtion through wireless cun imun scat torts tha t the 
hurricanes of Adclic Land preceded by some 4S hour^ the 
of 5tonns at the Australian iouih would iceni to supj>ori 

strongly this view (Fig. 



I'liik In. tu h3ti$trHle the prevailing alinoBipIicriL: cnTuliticjiis to thit 

^vulh rd uf Auflir^Ea jcunit^leU knin Etniti» liy Lo^ycr and Mawfon}- 


T/f^ Rolt of tbv Giatial Ant^ytiuncs in thf Ciiiifti/ Air fireit- 
hiwn Drarv Dotvn t/ie Air of thr S&aimti in the 

sphrre ond to Dcrrrl it Eqtiai&rti^trdj —From I best geographical 
relaiion^hipi it ap|X"ars highly probable tlial the glacial aiiticydanes 
aljovc tlje inland-ice masses stand in n definite conjugate relation¬ 
ship to stationary cyclones above emhi^yments of the CoitLuieni. 

** Cl, '"Tlic Home nf the BJiriard." Yol 1. Fi^. opp. p. 141. 



















224 


HOBBS^ROLE OV GLAUAL AKTiaXLOXE 


The |*Jacia1 anlicyclciiei oF Grcctiiand and AntanzlLi::! through ilraw- 
xng tJo^vit of AIT from the tipsier [cv«U and a coiim^ucnce of a 
throughout centrifuga! surface drcubiton, are a wy iuipomnt 
factor in revor*ing the high f^o^e^^•ard currents within high latitudes 
and iiiroctiug tit tin cquatonvanL The source of cJiergj^ whidi 






ih 


Ftu. II. <fl) Wf^rtpJ m^p to $hrjw thi? E^rf^i ftotidoFt bf Use w\Ka 
wU«i poiw where the jtr (d ihi msiam witbm the TfrTpfjijjhcrt it in 

l:trite pari relumril to ihe auriMt ia nmtcrtUvtin, m World man 

to show the correspcritdiJis wind fwk* of tlir Pldstorene ptirwMl 


mntutainA ihe whole sv^teni in motion, is of cotir^w the sun's 
concejUrat^il witliin the tropics ami iii large nrteasurc ahiiorljctl over 
iht contimriilal (jladcr* (Fi(j, iu>. J, as<,mnct| that the 
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uphin^l^ of norlhi£asieni CKi^ ^tmllcr tiia£idei of irilantf-ke 

wiihiti the Arctic rc^oni uud itt fact any area wit ere he^t mdiation 
is Jargc^ contribute In lesser measure to draw down the upper air 
cuTTcnls anti reverse their ditectipn. It is the tmliindcred radiation 
of desert areaa which ts rrsiKinsitile for tlie antkyclonic conditions 
over them in ihr winter se^tson, Ahnonriitlly high insolation in 
Oie summer season may* however, overha Lance this effect lyid pro¬ 
duce cyclonic effect. The moisture locked up in the ice needles 
of the cirri and rebted cloud forms above those ams of ocean 
where evaporation is large, is thm returned to the earth and espe¬ 
cially within tlie gbcbl antii^^clones. Of this moii-iurc a portion 
is added lo tlie glacier maso, but at tlie pre«mt time a much larger 
portion is blown off the glacier s^urface hito the sea and so returned 
to its source in the waters of the ocean, 

Uxmji^mr or Mjctti&asr, 

Akn Abemul, 

March tj. J015, 


THE TEST OF A PURE SPECIES OF CENOTHERA.* 

Bv BRADLEY MOORE DAVIS 
(Rtad J^nl 

Them is pTobiibly np griiiip oi plEMTili ihc gcnctit behaiiior of 
which li3s tecci\*cd so much study as tlie spedea of CEn&th^ra. No 
group of plants is more proniinciiily hefore the allcntiou nf esperi- 
nicutal plant Tuorphologi^U, and yet to many botanists il may appear 
tim no fifroup iiag yielded less of satisfaciion. Among the workers 
wdtii these forms there Ls ihe widest ilivtirgesiice of opinion, and of 
general qatidmiuns there is little show for the lime ihal has 
l^assecl since the -ippcnrancc of ** Die MiitaiiQiisthmrie*’ in 1901 
and the many years of study that l>e Vries devoted to I he group 
previous to this date. 

Can tve find ihc |fcf;iint around tvhich the iHffiadiies cIusIitt most 
thickly or frmn which the varied imertireiations diverge most 
shuryjly? Ami, finding such a can we fomuilnle line% of 

ex^Krrlinmftalitjn that may clear the cotifusinn of as.^uniptioni fmtii 
which the tofious workers have proceeded tn follow the lints of 
study that seemed to tiitm to leafl towards the light? To the 
writer the cetvter of the tiifBculties lies in the fact dial we have no 
ac^pted ttsis for the gcfieiic piirky nf an (Enofhrt^ aperies. 

By the gaielk purity of a specit.^ we mean sucti a constitutiini of 
the germ plasm that a foitn is alite to produce gaiuctn of one type 
only for each ica. Tliat i> to $ay all malt g-atiieirs of the form 
should have the same gcmiittal constitution and thus lj<r pfiysio- 
logic^dJy morphnlt^cally cr[utvalent. and all imuilc gtiiuctes 
likeiviso should Ije i>f Uic same tyfjM;, ’Hie rriak aitd female R^imetcs 
may, however* diilcr in thdr reiffj^ctivt effects ufjon the characters 
of a succeeding generation as shown hy the marked dillfii-aiccs 
cxhihitexl by certain reciprocal crosses, for example, die reciprocab 
tietwcen and ifninra^ii, or hetween himms and francmana 

1 Gf^articat Stnilici eti tEiwthera—VI 
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(Dc Vries ‘ij* Davig *14), Hie zygotes of a pure specieg must 
lie ujitfomi since ihe gametes of each sex aru re$pcctiveljr similar^ 
and a pure spedci^ to cuijduy iiini convenient expression of 
Baicson*s, is therefore homozygous. 

Il has generally btm held Lhai no ftiniier proof of the genetic 
purity of a species is necessary Jhrin the established faet that il will 
*' breed tnie," imd I venture to believe that at present most \%x»rkers 
among the ccDOlhcras regard this test as entirely siifHcitmt to establish 
the eharactef oi" any tiiateml wish whkh they work. If any line of 
breeds true in bi^c ciiliiires it is ctmfidently regarded as 
honi02ygoosi. Shotild a line fad to breed true to any oonsiderabk 
degree it is stamped as a hybrid it the inveFrtigator incUiies towards 
the ttietho^l$ of atia]y$l$ characteristic <sf the Mendelian school. 
Tliose who ticlievc in mutations are so udly coiitcni with this test 
that to then) a fomi ncei] breed only reasonaldy true to as a 
pure ijM-xiei and the det^irturc^ from the type* calteil mutation^, are 
interpreted as due 10 rnodlfScation^ of the genu plasm uoi* however, 
the result oi hybridi^. 

if a line of CEfwthcra fails to breed true to a very ctirtsidernbk 
degree and thus becomes suspected of a hybrid coTistiiiitiou, few 
workers would ittink of u^ttig it as favorable materbJ for experi- 
niciita! iituihes to test the nnitiittoTi llieory* It is the line* ndiich 
breed reasonably true that chiefly ftn-m the subjects of fEnothcru 
di^iumfhsiciTis with reference to the t1ns>ry of mutation. Such a line 
is the £untttrcitfiirrii of He Vries’* culiiir« whicli when grown hi 
brge numbers in selfed fnmihes appears rniifonm except for certain 
small proportions of individuals, ** mutanis/^ which stand out clearly 
from Ihe mass with distlndive chuntekr^ tlmt are readily recog- 
rt2rd nnd may be clearly descrilved. It is important to note that 
these new types arc not connccteif by inicrgrading forms with the 
parent Ldfniirctchm and that they apjHiJtr in siicce55ivo genvratiotss 
of £tinmrritiVino with certain degrees of regularity. 

More impressive than this history of Ldfineirrifirffti which has 
flotvcrs ojjen-polliiiatcd, and consc<[neiilly likely in Nature to have 
been crossed by insects, i* tlic t>rltavior rqiortcd for certain lines 
of fHrmt/irrsj with flowers closc-poHinatcd tn the bud, a condition 
tliat obviously gives their mvn [xjlkni ihc first chance to fmtetien and 
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ihu^ i^rcatly ret]uec3 titc pr^buliilltitisi of cross^potliontran. Sucb a 
ptani i» ihe biennis of Holbui 4 and 0tlt(;r pan?! ol a ly^ie of 

especial interest not only for its dear Tnorpholoeical characters hnt 
also become there is i^ood reason for bdievtnf^ t)ie line to be very 
old. This }> 1 onl font is a large {Wfnilaiinn in H til land with no near 
relatives and nnist liave livcf) there for ntany years to hare so thor- 
oughly established itself. Indeed it seems probable that this 
CEnrir/i/ni, the Putch fiiVirirf#, has coiue tlown to ns es.sentially inv 
changed front the times of Unnarits who gave iis its name. We 
know of no jdant tKrtter representative of « species of iEnothera 
and w'c know of no (E noth era U'hich belter saiisAes the gcncraliv ae- 
ce]>tcd rcfiuirenutnt that a s;»edes shonUl '’t>rcetl true.” 

(EnotJtera hietit$is I., in brge culttires comes so Tmc that htin- 
dre^Is of plants may he grown wiihtint finding a single departure 
from the tyjKs. Yet S 4 oni|» TM) ht large etihnres of sdfed lines 
from a single iviii! plant eollecled in 1*105 diKOvmd that this Hutch 
biVftmV throws occasional marked %'7ir{ants (" mutants ") and he dc- 
scribed a fiientih semi-i/igas with the triplold numher of rhmnio- 
tomes (21)» a dwarf tyjje f>iViiifM tmtiWfa, and a color vartcly 
friVmiiV jmf/Mrcii with pak yellow Jictals. Dc Varies rt j) at once 
look up the sindy of cmairt of the tines established by Stomps juul 
grew cnllnres which loiaicd 8,500 plants. Among these were 4 
plants of biennis 3 etni‘gi{fns aliotil 0.05 per cent., 8 pbnis of biennu 
uanella about 0.t per cent, and ay jilunts of snifurea aljout 

0,3 jwr cent. Since the |)erccntagc» from LaMa/rri^/ttiio arc for 
setni-ffigiu 0.3 jmr cciil. :nttl for naiiella t to 2 {at cent, it should be 
notetl that with respect to these *'mutants *' biennis npt>enrs to be 
the more si aide of the iw'o species, although the color vrtricty biVHitCr 
sulfnrea etimitittttcs a new type of variant in ex|H!rimenta| stndies 
on mnotheras. A enitnre of nver 1,000 plants from selfcd seed of 
biennis siilfnrca, all with ypate ydlo*v flowers, producerl 2 ifw^arfs 
lints establishing a *' double mutant" O, AiVniarr mul. sutfurea luin. 
nanelbt, 

.As evidence for the inulaiTuri ill wry of f>u Vries this lieltavior 
of the Dutch hiennfs is to the WTiier 111 luh more tru.'itw'imhy evi- 
ilencc than the lichavtor of Ltmmrekiana (or the reason that the 
latter plant tn his *i|>inion ilwjs nol have a dear record of tmig 
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tj^Sitrncc, iitul ptnl^aljly l& a fonii of cooipraLivcly rcc*ftit ongin- 
Dc Vries ('15, \h J7J) again most vigorously his bedief 

that /aiJiiarfJtfOiia may he icicntiliecl with a g|>ccinitin from the United 
Stides hy I^liclinqx and tiOvv in tlic colktrtioiia oi llic 

Muscoiii d'iiistoire Nalurdle u\ Parisi (De Vries, 'm)- With this 
view I cannot accord for renwns recently fmldished (Dari&p "iSn). 
"Hit: sJiowiiig of ** ttiia iatit s from (Envih^ra hViuiiJ can ImrdJy be 
coofsidened verj^ aicoUTaging fcir the mutation theory uf otgaiik 
cvolution wlitm it fs rtrmetnbered that bictnus semi-ijigas is self 
stcriSe^ ihsil biennis natt/lh is frot|aciit!y weakly or diseiised^ and 
I fiat birnms ^uifurca is clearly a reirojjr tussive type having lost the 
power of pru^lucing: notmal yd I ijw llowct^. 

Although O. frknwfs of all the ofnolhcTU& hrooglii in 10 ihe ex- 
{>rriuicttnil garden still i^eeiuif tu uic the form Tni>$t free from sus¬ 
picion of gatnetic impurity* nevertheless ihr liite of Stomps hits nut, 
far ad ivc ktiusVi l^ccn sulijccied to the icsis of a pure spi^cies sum- 
ULirkcii at the concluiiffli uf iMs pper, i>e V rics ('i$, p. 173) i* 
mistaken iu quoting me as cnncetliag far ihi^ species n pure origin. 

1 re$i;ird it riiuply as the safest inaicrial yei know ri on u-hidi to 
eonduct studiosi in mutation, and wiib which ollu-t forms may he 
crt>^,wl to delcrnitiic by she coniititntion of the F, hybrid genera- 
liiin whether or not ihdr gametes arc iiiufoiTO. If in sudi a breed¬ 
ing tc^t Llic Ff progeny fail tnlo two or more classes Elie aijsump- 
linn h jnsitJfied that site form crii^fun! with hknms nmsil }iroduce 
different nf gametes. 1 r the F* hybrid generation b uniform 

Qien it b clcur that I lie f unci ion ing ganicles rn^'de aiul fcn^ale are 
restnx'tivdy uniform. The fact ifuiit iuHiuriritjciia crosscil with 
friVnu/V prcKluces the hyhritb^' furla stml irtuiim 4^ liait 

fr«|ULntly Iiecn pointed out. one of tlic ma^i important facts favor¬ 
ing ihe hylnid uiusirc of iMmarekima. It seems to nie nul improb- 
tihle that other species of will eveiiiuully he isolated more 

stable ilixiii the Dutch 

Some exceedingly interesting observations liavc recently heen 
reported by llnrllett h, c) an the bcliavipr of certain small- 

flow ertrd, sdr-[x>1linat€d American umolhpni5. When growm iu 
sdfeil lines ihcsc forms exhibit a behavior similar to that of 
Ltamarckiftiw and hirnmt In throwing off in fucccssive generatioua 
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ccixain new types. Tims from one qt the species, (Enothera 
itfHOMtres, sl imitaiit ffigai qppc&ret) tvith the diploid ntlmlier of 
chroniosciutes, ntnl fruin nitolher siieeie$, O, RtynoUsii, certain in^ 
dtviduals throw from 6o ffct ccnl, to 8o per cent, of dwarfs. It is 
too early to (iisenss the reniarftable peciilbrities of these forms since 
the material of Gartictt has not yet heeti tested for its purity along 
the lines presently to be discussed. Bartlett regards the new types 
[IS “ mutants " in the sense of De Vries, Tile important point for 
our cansidcration at present is the fact that these wild plants ap¬ 
parently continue to reproduce themseU-es from generation to gen- 
erntion even while giving rise to the new forms. 

With respect to the lajconomic stains of the plants which we 
liave just coostdered the writer sees no alternative hut their recogni- 
tiutt as clear sfiedes. The f-irmarcJtr<iita of Dc Vries, the biftinis of 
linnieiis, and most of the tyjics which Bartlett has segregateti from 
the American wild ctnotheras breed true as to the mass of tbeir 
progeny. Wluit further ipialificatlons on taxonomy in reason de¬ 
mand? Species they are t»y virtue of their niorjiliology and by the 
test of the experimctit.'d garden which shows their characters lo be 
stable to an extent that raiders it certain that each line sclf-pol- 
tinalcd will tnaitirain itself unclumged. inrtcfinitrly as far as wc tan 
see, throi^h successi ve gcnerntlans. 

I'he argumoii that will folluw as to the genetic cotisiitmion of 
these species of CEtiotbtfra docs not tu the least affect the matter of 
their rcwigiiition in taxonomy as species. It may lie prertcal bv 
two rpioitions stated ns follows: .\rc the types pure st>^>dai, homo¬ 
zygous licenusc llie pl.ints develop male gametes of one type only 
and because thdr female gametes have a uniform gcmihiai constitu¬ 
tion ? Or, arc the types heterozygous developing diffooit types of 
male gaiiieics and different types of female; briefly cxprestied have 
they in some degree a. hybrid constitution? 

But it will at unc« W asked, how can a spedes be liylirid even 
to a small degree and yet breed as true as do lliesc forms iiiidcf 
coiiaitleralion? Where In ihcir behavior h evidence of a hybrid 
constitution such as migUi a[ij«ar in the siilitting off of mitncrous 
different forms vary ing from the parent type, some in snuill degrees 
and some In larger degrees? Where is evidence of an orderly scgrc^ 
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gation of chanacTers sudi as kis been demonsxrated by the Men- 
dcimn research oi receni yiiars? To these questions it must trankly 
be drifiwereJ lhal cmly Iwre and (here are gliiiqtscs of sititaticms 
which tnay i>&$sibly lie mteqireled in lemis of Mendelian aimlysis. 
For exiunplc the cliarnetcrs of the miitanis ** nre frequently cTtarly 
sretrogressive whidi mdteates shal gaitsctes are fomieil kicking cer¬ 
tain factors and suggestit phenomena chanictcristiC of segregaTion 
fmin hctemitygoiJs stock and very contnion in ^Icndelian bdiavior. 
*‘\gain. the rciKahton of the ?^inr “niwtantii" in a series of gencra- 
ttotis stLggcsis a tnccKunUm of precision stich as we hatis come to 
associate with Mendeliaii ttiheritancc. It is iioL however, my pur¬ 
pose to argue at [iresent this p^iase nf iht discussJon for the esperi' 
maiuJ (bia before us is not hi ^uch sltajve tlnii it can tie bitidleil to 
the best advantage, Wc admit ibai the ihem^^ves do 

not establish their ivarimls as in their nature hybrhb. If they did 
tilerc would of course lie no rli$cus$ioni 

L'nrlvr two cunditions and apparently two Only can a hetero¬ 
zygous s[>cfdc5 lie conceived ^ breeding I rue, 

Pir^K if of the vaHeU iw>ssib1e lyficft of ganictes en/y surh niiifc 
rtftd frti\JuC(’ frrtih sygtnts as will the jaiwr germiml 

canstitiilion itf the parent^ ihcji froai such zygotes a heterozygous 
Hue ut%lit iximiiiuc iinlcHniicly els aq impure or hylrrid js|>eciw4 
Under a-itch cuntllliotts gametes which might in varitil comhinatians 
give a $eriea of different foniis ^ scgriegatfes | arc cilhcr not matureirl 
or if matured fail to functioii, ?onic tlcgmc of pnlltn and ovule 
isicrility nni^jt Inc cx]>ectcs! ai rhe result nf such conditions. 

Jfrtorii/, if of a vancil assortment of zygotes formed by the 
uuioa of different lyi:*e^ of gametes, PJffv iht^ye jt^/iit/r 

the grnmttal emsiiiHtwti o/ t/ic purent then again a hctcmscy'goiw 
tine might contmuc indcnnitely and cuni^titinc a sj^iccies, akhougft 
impure or hybrid m its imlitre. SLucc all of tlic zyg^'»ics wliisrh re- 
siili from other coudiinatioii^ of gametCT^ ehltcr die or fail to develop 
bt^ond srnne early jstjige in the life history this condition would 
result ip &Oinc degree of seed sterility or in ihc proilnctioit of ivcalc 
plants that iiiiitt man jicri^b, 

Xour ihc cenotheras^ as a group cxhibii 3 very remarkable anirmnt 
□f pollen sterilily and nl^o a high degree of ovule abortion, anrj 
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tliesc pljlnl* frcciutntly givr extroardiiiarity low yitrhis of fertile 
allhmigli «ee<t-liki: structlinrs ntay Itc fantic^l in abniulanee. 
These facts w'e are jwsi beginning to appreciate as offertng prob’ 
lenif for stiiily, Tliey stent to Oic of vital importance to 

the liisciiisioii of iEtscthtm gctieties^ facts which the MtiiationUts 
cannot ignore and behind which the Mendeltans can maintain, at 
present a c'cr>' strong defence for their interpretatiotts uf Llie pccuii' 
arilies of (Hjiet/icrn beliavion 

With respect to poUcn sterility it luts for Watry years been 
knuwm that Lamarckhna and otlier species of (Enoihi'ra pretent 
large jvroiiontaiis of ahortive pollen grainf. FiatCAtin (tpoa) early 
seized on the siiggesteil that the high degree nf pollen 

aliortiun in Lomarfiiontt indicaierl a hybrid plant csiiibiting liartial 
sterility. Geerts t 'oy i in an cxcdlent account of the eytology nf 
LnmtfrcKpjo showed tlesl a]t|inrKJtilately one half of llic pollen graiiu 
fail to mam re and that ime half of the n%'’nlcs fail to itcvekp eni' 
bryo sacs. Geens I ’ijo, p, Sg i also made an exattiitiatltm of more 
than one hiiniired: species of the (.hiaKcaccie, giving us ihc cbmli- 
t kms of p iilcn and Dwilue fertilit} represents I in some hfieen 
genera, fie found generally in s|;iccies of ffrnotficrj mid allied 
genera a ilegrec of sieriiitv simitar to that in (Emihern i.irniti'cibt- 
omi, about 50 T«r cent, for both and ovules. (In the other 

hand certain specie* of /i(«tCH0, Zauschnetia^ Epthbiiim, Jtoudif- 
ratio atiil JLof*ccru arc wholly or almost whully fertile 

^^y own examinalion of condltii/iis in the material of (Jlnottu rn 
with which in rcctmt years J have worked has shown some rcniarb* 
aide difTcrcnccs in the amriiiiit of ]>tjiUcn and seed sterility* Sucli 
close pulliiiatetl Ij’jws as (he l>iJlcb biVjinix, the I>ntc 1 i murictila, 
American eifiricwfa (from Woods Hole), 7 myf. and a tiumU>r of 
Amcrtcati <niall-fltiv.‘cfcd Fpecic* ((or example hicmiu A ami hiViiMw 
1) of my cultnrei (Pjtvii, 'il, p* n>7 and *iJ, p. 383) 1, Imvc very 
large amounts of ttcrile poltetL In the case of ihc lAttcIi itutftfola 
much more than 50 per cent, of the jKilltsi has been sterile. Y«i 
these axe tjpe? which by virtue -jf their long history of dose polli¬ 
nation (night be extKs.’tcil to tie ammig the purest of the species, 
Un rbe other band the race (fratHtifiiirit It (Davis, T|, p, vSOJl}. Jitiil 
the westem s|«:cies /rojifurauj and t^^’niuru, a|| opi-ji poHinaud 
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apedcv hanlly more than n trace of poUen abnrtion^ and 

from Texas only a sn>at 1 amoutit of steriJe pollen. I have 
U)t» winter lesteil the seed fertility of some of these species by ger- 
minating the ^eds in Petri dLshes after the method recently de- 
scribed (Davis, 'iji*). The Dutch tiirnnis gave a gertmnatton of 
about g6 [ler cent., the Dutch muricala aliutn per cent., (tramdi- 
flora B about 95 per cent., about 61 per cent.. t-v»twr/d 

about 87 per cent, and jamesii aboitt 91 per cent. 

It b interestiitg to note in tlw above list that the Dtitch biVnab 
with its very Itigli percent^ of fertile seeds (iji6 per cent.) has 
extensive pollen abortion and the Dutch uturieafa with seed ger¬ 
mination of about js i«r cent- lin,s an even lower degree of (xitlcfl 
sterility. On the Other hand there are species of (£itothfTa with 
both high seed and |x>lten fertility as {llusiratcil by some races of 
i-cnusta anil /riHrc.cif. I was es^ntcially intcresteil in 
the condition^ sJiown by my race ^jrattdifiora H with its almost per¬ 
fect fertility both as to pollen and seeds. Tltis race iiiolated fri^m a 
collection of mixed sceils gaihctecl by Tracy in Kjoy at Dixie Land¬ 
ing, .-\Ta1nnia, has always seemed to me to present a of imusnal 
pnrity, lljc line was started in |t)Q8 by a cross of two similar 
plants (Das'is. Tt, p. 305> representing the broader-leaved forms 
of ifratidiffora that were presetit at Dixie Landing and i have grown 
in small cultures several generations of the plaoi with out noting 
deiwrtttres from the ty|>c. I cannot accetit the criticism of De 
Vries (*14, p. 54S> that my race ffrttttiiifiora B is impure because 
from tlie same collcxttioa of mixed seeds of Tracy's he ubtanied a 
■Uversified culture as I also reporictl (Davis, *t l. p. 303) when the 
line was first isolated, and liecause [hs \’'rics and Bartlett found 
the Dixie Landing station "ik'SOlate" five years after the visit of 
Tracy, 'flus type may prove to l»e nearer to the desired pure spe¬ 
cies than the Dutch ttiemh. 

Jeffrey tu m*em lupers *1.0, 'tj) has taken the position 

“that in good si^ccics the spores or pollen is invariably perfect 
morpliologically " and from tltis stattdpuint refuses to consider Ln- 
imirrAuiin} and other ccootheras as suitable material oti which to Itase 
experimental studies on miitaitons. To him ilk mere presence' of 

pkuc. AMcK. nnt soc., uv, aiS e* trixtiu Atic;. 9, 191$. 


2S4 


DAVJS^THE TEST OF A 




abortive polltn suffices to stamp a form as Jijtrid iit character This 
represents an cstreme view which in cotuideration of our ignorance 
of possible physiulogical reasons fur pollen steriiity can at present 
scarcely be ctatiticd as more than an liypoibesis. For the renotheras 
we are greatly in need of cylnlngical Mil physioloBtCal sttidies no 
pollen sieriliiy more detailed than the incidenial observations that 
have so far been published. 

With resp«t tu the alwrtion of ovules among the cenotheras our 
information is practically confined to the obsem-alions of Geerts 
(*09). mentioned above. It appears that in 0 . Lumnrribiiifiji and a 
number of otJier species oiUi.' about 50 per cetu, of the ovules de¬ 
velop embryo sacs^ Other species also show varving degrees of 
(itviile abortion. The ovules that fniJ to filature are represented in 
the capsules by a tine light breiwu piswdst tHown to all who work 
with icflothcras. Such powder is very enmmon in the cap$tile$ of 
various species and Ihcir hybrids, and ii seems probable that ovule 
sterility is as wirkspread in this group of plants as h the degen¬ 
eration of the polkti. As in the caAe ni pollcii sterility we do not 
know- to what extent physiofogiral coinhtintis may also be rcsfioti* 
sibic for the abortion of ovules. 

rollen and ovule sterility involve of course the elirtiinntbn from 
the life history of immense numWrs of gametes and raise Die fol¬ 
lowing i]uestions, Cfui it Iw that this cliralnalion throws out of 
the life cycle types of gametes with gcmiittal ccmstitittions iliffcr- 
cni from the gametes thni maturcil and that function? It is pos- 
silik that scrnie of the fEnothcnti species, in hybrid cwidition, reg¬ 
ularly mature for the most p^tn parlicular classes of gametes 
which In conjugation will perpetuate the genetic line of the parent 
plant? Gametes even when notmalJy developed may sHU not func¬ 
tion as when fwllim grains fail to germinate uiw the stigma he- 
cause its secretions are not suitalile. It mii.i aUo be Write in mimJ 
that there are yet other phases of the life history when gametes 
may iKtcmtic ineffective as through failure to cotijiigatc or because 
of a high mortality among rygote*. emliryos. or young pfanU: such 
forma of inferlility are expresscil h sterile seeds or b weak off¬ 
spring which never mature. Possibly the so-caUeU “ mutanis " arise 
whin imusual gametes from hybrids. occasinnaJIv surviving the ex- 
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tensive process oi tlc^eijeration, fqrm zygotes also ^hlc w bimive 
and to develop ptanrs diverging fronr tlie parents. 

llie sabject of seed sterility among ilie cwiotfecras has scarcely 
been loticlted by tile Etudenls of tlte group and yet it ^eerjis likely to 
become a factor of prime nnponance in its beanngs on the problems 
of genetics. v\ny worker among ihese planis shortly 

becomes 3A\'are of the fact Uiat very irumy of fhe jwil-llke strnc^ 
tyres uhieli he sows fail to germinate cvm thoygii ^-eed pans are 
kept for tmay weeks, De \ ries makes frcijitctit rclertJice to Ute 
facts of seetl sterility and tlic writer ha^ in recent years recorded 
the number oi seed^ somt m ciiUunfs and the number ai seedtings 
that develop, file results are most surpriHing anit must liav'e 
nificance althoiigti wlia( dial may be mnaim for the future to dis¬ 
close, A line of t^arcb has t^itned before «s ibai will clcnmnd 
Z ^iicLbl teeliftifiue, for if is %m enough to know merely that ctmia 
jiroportious of the secd^ gcrtninate within the time practicable for 
keeping seed pans tinrfer observation. 

Serd-like si ritettires Soum i?n die eartti arc obsrtoti^fv lost for 
further ctuiuiry as to the facts of ihetr viabilitjr; a prci|wrlirui of 
seudllugs. appear bin as far the residue^ that cannot t)e e.Kaminetl. 
The resjline may contain viable seeds the gcmnnntion of winch is 
delayed, or it may consist wliolly of j^terile stmemres. We must 
develop mcthcKjp that will ensure the i^pid ant! rtunplete germina- 
tinri of seeds in coirvenicni receptacles such that the resUIuc of 
sterile siriiciiires may be left (or study after die seciilUngs have 
been removed and 6et in the earth. Ry ?iicli mefhoib citltnrcs of 
(Euothrra may be gnswm in which nne may feel conlidcni itiat ail of 
the via?jle seeds have germinated skicc by an examtiuuiim of the 
residue it may be deicrmiued whetluT or not the sceddike structures 
h.ive embrjus. It i? pTobably safe to say tlmt no culture of (Eno- 
thrnt has as yet heen dcscrilwd in wltkh ivc nmy fed certain iliat 
the progeny of the sowing ifs conrtilete. During ilir pust winter 1 
have tested the fxTceutage of seed fertility hi some fifty species and 
hybrids of (EnoihrrQ germinating the sreeb on padis of wet filter 
paper iu Petri dishes, Witlj this nictfuMl may advantageously lie 
combined the clever practical siiggestinn of I>e Varies p- J 90 ) 
of farcing water into wet ^ectls l>y air presisure iherehy greatly 
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haste Ring their gem li nation. A description itf a nieliml of seed 
germination which wiii, I tltink, jirove lo be satis factory in gcti- 
cticat work cti ^fin//icrp maj’ lie toimd in the of the 

Xatiomil Academy of Sciences, Vol, L, p, jtiO. igij. 

Tlie first investigator Id make use nf the facts of seed sletiiity 
in suggesting itendclian iiUerjanlatiotM of the lietiavior of f.ff- 
oiari'Z'iaHa ant! certain (Enothero crOises has been Renner >‘14) 
anti his hoc of iavesltgalkm has otwnctj a fieltl of research anti sjjcc- 
Iilatirni tliat must W rKkoiict! with in the future. Henner Itas 
sltnfied the seed stnicltire in LumarckiaMii^ bicnitis anti wjurtm/tt, 
and in certain crosses among these fomut. His ctntdurinn t«i the 
genol>pe oi /.JWwrcfciitHO will iUnsttatc die principles iinilcrlyiug 
the rnethotl of attack. Since /.auiarrktanit wlien crossed with fnV«- 
in> and certain Ollier species give? in the I', hybrid gctteratHJn the 
twin itybritif fwtu and fftutina it mat' tic assumed to tlevelop two 
classes of gametes which function. These may Iw spoken of as the 
/«cm and vHuthfa gametes and are proilmerj in about etiual minifyrs. 
WTieo Dimarckhna is sclf-jxdiinated the iteta auil rdiffritti gametes 
may combine in pniiMirticins to give i pure fu-to; 2 tarta-r^linitta i i 
pure rthitina, U is a fact that more than i.me half of the seeds 
of Latttarckianu fail to develop noniial emliryiw and Renner con* 
dudes that these sterile seetls represent zygotes liomoavgous re¬ 
spectively tor the tiCia and tTfirhira factors, 'I'he fertile seed* tic* 
velop from the lictcriMsygotes with boUi Iteta ami ttiutim factors 
coiiibific.l anr| this oombinatinn gives ilic characicns of Lattuireki- 
amt. (Eaatheta Latnarckiwm may thus he an impure or Injtcroaygous 
species brcctling true hccame of the ileaih of such rygoUts as carry* 
die factors for Ma and udul/Mu in ihimoaygrHis conditimia. This 
siniplc Mctidelian ex[>laiiatitm of the tichavior of fjmmrrl-wifo 
points a line of imcnwriaiion ami study certain to lie fruiifid in 
(Knothera research. 

Ammig hylirid* of Oimnhem the s«d sterfiity somctiims nms 
extraordinarily high. The must remarkable iltustratioti,* of ihifi fact 
to far known appear in the Kc«*iid gcncraiiot,, of crosses involving 
the Dutch bietmis and the Dutch muntata which exliibil cemiii 
remarkable morphological iteculbirities discovered and liwcrilwil by 
De Vries (*13). First generation hybrid* of reciprural ctoss« 
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bctwci:!! th«« grcwit by ihc wri«er iii I9r3 (Ia(a 

se«d germinaitnn in the earth as presetted In Table 1 . 


TABLE t. 

F, nvMrm or Sn.in(irAi. C«mses nRr^fZM 0. hifttnit asl 0, mKnrd/tf. 




^ S«nli 




tJsU 

13.34 

F* AiVvitfr X miotiuii* 
mjiFifalfi X 

<1.73 

Ein±i 

Fdrtlj 

rju 

1 

1 wocia 
' jmtekM 


It i$ pmliable fmiti my cxjrcrience with &ther species en>$fef 
that the viability of tlie scctU df these bybrirls is really high and 
that the relatively low percentages recorded above jure dtie to tle- 
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F, HvBRiTts or R£ajwocAL Cmssss arrwsts! O. ftiVnitw Axn O. murieiiia. Jir- 
fLUorteo CssttATN rtomiA RiwinttirAi.j, ISssouiamiweALj^ A mu 
I nsttAttvx Kmios 


■Cakurt. 

Oqo. I 

1 SmK 

1 

1 

1 ^«4V 
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ativc Itybricb an most surprising in the degree’ of sterility or de- 
laye^l germinsttioa shown, Tliey are given in Table TL, where arc 
also presented the records of four cultures soivn in Petri dishes in 
which the gcrtiiinaticm was cottipletc as proved by an examination 
of the restclue. 

A comparison in Table 11 of the record for culture 15,31 with 
•» 5 ' 3 ^ >5 33 witli * 15 . 33 ' »’(• < 53 S witli *15,35 wili illustrate the 
gain in germination that may come through sowing seeds in Petri 
dishes. The percentages of germinatioti presented above for the 
hybrids of biennis and mueicaia must not be regarded as expressing 
exactly the degree of seed fertilitj' under the conditions of the 
experiments since with the harvests of seed arc frequetitlv found 
very many structures liso large lo be abortive ovHle$ and loo small 
to be counted as " seeds ** in the sense of falling within the limits of 
seed size. These structures are proliahly imdevdoftea seeds but 
■only a microscopical examination can determine (his |)oint; it so, 
their presence of Course always lowers the perrentage of zygotes 
capable of giving progeny. 

Hearing in mind llie fact llial pollen sterility in hiennis ami 
muriVa/o is 56 iXT cent, or more anil tital pollen abortion in the I'j 
hybrids is very much higher (in fact very Itillc good pollen h pro- 
duced) the total aniount of sterility both gametic and zygotic is 
ahni>ly amazing. Under sudt condilkiiu hmv can the Iwhavior of 
tlicse hybrids 1)C looked ttpon as indicative of anytiiiiig hut a most 
unusual sitnation, in itself very interesting, ijut far beyund the ex¬ 
pectations of normal hybrid hdiavior, Ihis remarkable degree of 
sterility among the hybrids of and mttricata is perhaps ex* 

treme for the amotheras, hut it serves to illustrate eonditimis ex¬ 
tensively present in the writer's experience and doubltess also in 
the experience of oiliem. 

1 >e Vries has described ihe liyhrids between biVitiuj and rimri- 
(ata as breeding approximately true wliieh in the main hits also been 
my obsctvalion. ApparenUy largely upon this behavior and that of 
certain other crosses hr hai Tr.\chcd the condusitm that hybrids 
between species of CEnittfiria an; stable. In tltls ojiinion of Dc 
Vries I canirot agree for my crossei Utlweeu and certain 

sman-flowered American species f Davit, 'u and ‘13), a„d between 
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jrjVtintJ aiid franciscana hav^ in llic geiicrations given abundiUir 

cvideitce of that extmsivo rial ion intcrpreiciJ ^ ^^rcgaitcn. 1 
bdicYc that tlie apparent ^tebiiity of the ter>- ^tnaJl progenies pro* 
duced l>y hybrids of bti^Hnh and riiMriVdlo simply nteans dtat dae 
remarkably high mortality among gametes and tygoics of these 
hybrids, or the delayed germinatiQii of their $eet!s, has prevented 
the appenranee in o-ur cultures oi the diverse UpeS which rheo- 
retically ^ould be Any gimcral conchisiotis on genetk 

behavior in the nmotlieras which fails to take into accoimt ihe 
phenomena of sterility rests ufkjn insecure foundations^ 

It is true that we know l& what extent iiliysiological fac¬ 

tors may affect seed sterility as well as ppllcn and ovule abordoiu 
Xcveftlieless a main fact is cleaf, natiiely that seCil sierilhy cUmi* 
natn^ in certain fEupf/iirru sinccies and liybrub Injincnsc numbers 
of sTgotes which fail to develop ^eds. And, furthenuore, we 
know for ccnotlieras tliat targe classes of weak offspring ate sotnc- 
timcft pri'Miticed that arc iiiiahic to reach niaturity. Seedlings with 
white DF yelbw cc^iylcitoTiSi which quickly dtc, are not tincommon 
in my experience with tBnor/UTn cultures; in certain cases they 
have apficared in very large numtjcrs (DavJs^ *ti» p. 22^) aitd prob- 
alily have important gettetical sigtiificaucc. 'fliis situation in 
/Acra finds a dose parallel in liic behavior recorded tor a mnnheT of 
animals and plants. Tims Banris " golden " variciy of/In/irr/imimt is 
an impure of hctctoscygoiis form which Ix^ides repoxtiidng iisetl 
throws a class of nonuul green pkint^ and a dags rcpreseiUed hy 
weak yd low i^ecdling:^ that shortly die, llic yellow mice sttidieJ 
hy Castle and 1 -iitle ahhfnigh interbred aivvays Teinain impure giv* 
ifig progeny hcteroJi} gous tor yellow liccatise of the death of zygotes 
with a iknihlc dose of tile factor ior yellow, A riw'arf wheat bo- 
lilted hy \*ilmorin can li cit he fixed ?incc it .tl wayi remaliis hclero- 
2ygoiis throwing tails hnt never producing homozygous d^varfs, 
Tlir white femak fonit ol the clover butfecrlly, was found 

hy Geroulr.l al wail’s to give yellow^ offsiiriiig eiiher Iwcaiise of the 
failure of the gametes carrying white to conjugate'or because ry- 
goiiis homo^ygoua for white fall to devdtip, A form of /Jrojtip/u'fti 
characierir.ed hy cnnfiuenl wings has Ijeeu fouiul hy MeU only iti the 
lietcrozygoiis condition* atw^ays ilirowiiig normals aud never breed- 
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true; flies homotyguus for confluent wingsr nre apparemlv not 
viable. U it nDt [to^^iblc fhm parullel or reinteil (ihcnottiena are 
esten^lvelj present among the (enoflteras? The mortality as shown 
by sterile seeds may indicale the eli minnt Tnn, yf large grimji* ni 
forms divergent from the parent types, and some of the curious 
dwharfs arnl alierrant planLi which aHnin and iiguin have been re¬ 
ported In CEtJOf/iCro lines ntay he from aygotes barely able to sur¬ 
vive the deallt-producitig conditions that cliidinaie so many of thdr 
omianions. 

So far we have considcrefl evidence cliielly nf a negative cliarac- 
ter for the cotitenlion Uiat many of flic species of (F.nolhcro are 
impure nr hybrid specie*. We have tried w slimv that pollen, 
ovule, ami seed sterility must all be reckoned witli as conditions 
which may eliminate Mundeiian classes of gametes and hold a line 
to a history of relatively true brealing even though the stream of 
germ plasm remain heterozygous or impure in character. Ilic nat¬ 
ural corollary of such behavior, if proven, niighl be flic interpreta¬ 
tion of so-eallwJ "mutants" as wgregates front a itybritl Mock titar 
were able to swrvi\-e the destniction meted out by cutiLlilinns that 
produce sterility. To what extent lhc causes nf steriliiy may lie 
in flic history of gamelogeiicsts or may be tluc to linfartunate com- 
hiiiaticns of gametes, or pj what cxtenl steriliiy is the result of 
physiological factors, these are proMems that lie before ii<, 

Let us now examine some positive cvifletice fliat pertain species 
of CEmthcra do form disiinci claases of gametes and in omscftinmce 
s«m likely to he heterozygous in their constitution, Tluit which 
first demands attcnfluii is the situation dtscovercil by De Vries in 
certain first ceneration hyltrid* and by liim named " twin Jnbriils/’ 
W'e liave already referrcii lo this phctinmenon first descrikti liy flc 
Vries f'oy) for the l>chavior of itiwiffrcJlfiUHti which as a prillett 
jiarent in crosses with other S|>ettiei of (Jifiathna gives not uni font! 
1 -, generations but the two type^ ttvia and i twin hvhrids) 

prodittcd in alxnit e<|Ual nitmhcrs. Certain '■ mutant*" of £,0- 
fwirrkiam also give twin hybrids iiuUer the *ame c^mditions as 
those proiluced by Lamartl-Uina. Tiie khavior h w exact that the 
Amplest hypothepjs must siipixfst that AimiarfJttVmn and thee " mu¬ 
tants'’ form two classes of gametes wliich are fertile in these par- 
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ticul^r Tot^) Fleseril^cJ “ tri|jlc hvbrifis 

rtheo the *' mutsiDts" scintiltuns airil hia are [Xjltitiaii.vJ hy sudt 
specie^ ptmluec the twin hybrids £mm Lamurckiniuh In srndi 
caije-4 ^vso of tile form# have the character?: of atij veintina 
eombinccl vviili thcifc of the othet and the third f^srm re- 

Sietnbtcs the mother, either scintiihns or hiu. The plienomcna of 
twin atnl triple hyhriils h treaicil in detail by Dc \ ries I "t3 ^ irt 
Grtippctiweise AribiliUmg.” 

From a MenlcHan gmn< 1 ]>oint the production af twin and triple 
hybrids is !.tron(," evidence Him Lumarckiatin and sitch of Sts 
” miiinrils a? iMrhave in this nmnner are impure nr liylirrid since the 
male or female jjametes are not nnifnim, a jMiint which has hccti 
emphaslzcij by several critics of the suitaiion Lheory. T>e Vries 
assutiics thill Lamari'kmfta forms its differeiit classes of as 

a result of muitiitinj^ rristahility hut the precision nf the pnxrcss 
falls cornpletlcy tn line with ivhnj wc kiiuw of Meiidclian bcliavior. 
TTic rcniarkahle stuilicfl of Slnjll show that iTossei^ lictween Lu- 
TfUirrJtwna and frfifmfn in the nrst genemtfon f>idynioqdiic 
progenies of niiich ^neater coirtplcsiily than the twin h)'hrids of Pc 
Vries. Sliiiirs results kivc not been pulilisJieti in full hut, as I 
untlersLind them, they indicate the ititcractinn of several classes of 
gamete 9 . 'a conditJOJi very far froni what would he cspectcd if 
gejietically ]iure s|K5ric^ hml Iwen crossed. 

Very interesting^ are the ohserrntious of Atkinson (T4) on first 
gcneniiinn crosses hciwcen CCHflfJttVii Jirinmj' and O, f vrwnrrtr/^tf. 
Tliese two forms arc American rcceitlJy segtcgtited by Atkin- 

ftijii iijid Rartkti from the bh-^miis atJiance. Tlie>' have Um\ tnie in 
jjnrdcn ctihuros, VViieii ftynwrarf^a is pollinated by InHn 

hybrids appear in the lirst generation. In ihe reciprocal cross 
y;kytnccttrpa the same twin fomi?^ are pfi>il«cc!l anil in addi¬ 
tion a tldrfl type, makhii^ this g:cncratimi a ctjin|>oimd of tiirce di^ 
tinct forms, triple hyhriils. Atkinion. apparently confiilent of the 
pcnctic purity of fiutans anti pycn^^^rpa assumes Umt the determine- 
timi of tile twill anfl triple hyfirids takes place through n diFerential 
division in the jcygole hy which factors rrpresciitTUg certain cha-r- 
act era arc side tracked iu the ^tispcnsor cell and only tiso^e respon- 
^iihlc for (he ivvins and triplets pass on lo the embryo. There is no 
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cj’tolt^cal e\'u1ciiC4! ihm Ihe first mitosis in llic zygolc ot a higlicr 
plant is cvCT a difffvrctitia] division. To ilic writer the situation 
iildictites That one or both of the two s^iecies is heterozygous and that 
for this reason classes of gametes are formed, appropriate conihiaa- 
tions of which give the ttriiis and triplets. Xo datn Jiaj been pub¬ 
lished respectitig the sterility of these two species, either of pollen 
or ovules, and nothing of seed abortion. An understimling of the 
genetic coiistilution of the species is likely to he a difficult matter, 
liitt it does nut seem pmKtUle that both arc piire. 

What shall he said of the probable purity of the plants of 
(Ennthfra and /faijHOjniid ^vith which MacDougal worked in his ex- 
pdrimcnls designed to create new- s|iecies by the iniection of certain 
flitids into the ovaries, 'riie parent material was reported to breed 
true, but llw cultures were small and not long cunlinucd and there is 
no reason to suppose that a complete germination of the seeds was 
obtained. No information is given on the fertility' of the species 
either with respect to the abortion of gantetes or the proportion of 
good seeds. The material ivas not tested by cross breeding with 
other forms (ilic purest tmovi n) to determine whether ibc Fj hybrids 
were uiiifomi, a most necessary test in the e.stablishnlail of a tlijck 
as homozygous. Thus from oiir present vtewfioint we cannot 
accept MacDougal’s conclusion since the prohaliilitics arc very great 
that the new ty|ies which appearetl in his cultures were produced not 
as the result of the inject inns hut because of the genetic itripuritr 
uf the plants themselves. 

In the above discus.sinn the writer has taken definitely a Jim- 
delian attitude in symf«ttlly with the crilicisms of Batcsoii and the 
studies of I Jerihert-Nilsson I'i2> and of Renner f'14). There are 
ermslant suggest ions of order in the phtimmena of inheritance 
among the cenolhcms which while they may not fall into simple 
schemes of Mendelian nototbu nevcrilteicss do indicate system even 
thoiwh masked hy catnplextties. Tliat die couiplicalioits at least in 
groat part arc due to the gaictic im|iiirity of the (Enothera material 
which has been »o far the subject of study is the WTiler's belief. 
The difficulties that surround the analysts of {EnolAcru inheritatire 
arc probably in very large tticasurc due to the extraurdinary amount 
of sterility, gaPieitc or zygotic, nr both, iluit is present in the group. 
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U\my &tudca[s of this gmm rcsti the responsibility of obtaiiiin^ 
data on this steriliLy and. if po;^siiilc, of dbcoveriitg its causes. The 
aasuirq^tioti dial a Ime irpresents a pure species because It btetrds 
itne IS not a ^fc foun^Eaiion upon whkh to conduct ejKperi menta¬ 
tion in tlic a:noLljcra,s, This h the assumpitoii vvliicb Itave 
been liased many of the cQnt 3 u.^ions of the !^tutaLioni^ts^ and from it 
we must dissentH We cannot dq>an frotii the ptiiid|}ies underlying 
^fendcUan methods of research which have so brilhantly o|^encd the 
present century of hiological invcsttgiLttou. 

rinally wliat are the tests that must be applied to an dtmth^ra 
species to determine whether or not it is pure. 

Firsts —^Thcre is she hrecijiijg test itnd ilipi must be applied with 
such cxjicfimcntaJ methods of seed gemlination fDa\"is^ '15) as wdll 
insure a complete progeny from the a progeny wbtdly repre- 

sanati ve of idl types of vinbk seeds, Even then the breeding test 
\$ negative rather tlum affirttiarivc in hs conchj'sions. Should the 
form throw off niuncrou^ variants it nasuraHy Ijccomcs a subject of 
suspjdun^ but should it breed true or relatively true that docs not in 
this group of jitants provx if to be homozygous in its germinal 
constitution. 

Sc£mtd .—formation miisi he obtained on the character and 
degree of Sled Lily present, both gametic and lygotie. Sterility, 
unless showTi to be strictly phystniogicol in its clmracicri suggests 
genetic impurity, 

r/ifVJ.—Cro5s^brceding tests musl 1w pUinned and followed in 
which the foniT under observation is mated with material of hnown 
genetic juirity. If the hyhrid plants of the hrs-t gcnetatiuii arc 
e^sattially imtform and the result of a norma] germination of the 
Jwds tlic indications are strong that the fmm is truly pure prorided 
that the gametes arc likewise tiormally tcrtile, if the hybrids of 
the fir'Tt genemtion fall j^harply into dashes the itiaicria! mii&t develop 
gametes r>f ilifFerent gentiina! eoiufthutbUK and is conHaiucntly 
heterozygous. One favorable cross with a pure species may not be 
siifTicienl. to c^tablMi the purity of a fomij a nuinber of f-ivonibk 
tests with pure types will carry inirreasiug ccuriciioit. 

It is tints not an e^isy matter |o dctcmitnt the fact whether or 
not a spedcs of CEnoth^i^a is piire+ and yet ihis ts Utndamenlal to 
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ocpcrimenial studits in the group. On ihc as^umptiari of specific: 
piiritj- the Miilutioubt^ rest tlidf CQiidmionit. This conditiem wilb 
respect to the cliaracters iturliet! is also hissit to Mciidcliaii 
fiicntation- ll need scarcely lie cmplia.-^izccl that oo species of 
(Enothtra as yet passed the test a for gen cite pttriiy outlined 
above and that consequently ^rc have at present no stantlard materia] 
with which torms may confidently he mated in the Lest of croas^ 
hroetlitig^ It should become the concem of CEutTf/irro geuetidstA 
to find ntid i^hle pure material as the starting point of further 
studies in experimenml moqiliolog>% Whether such pure forma 
will be founrl ainoug the wild qxxiea or as product* of the ^nkii 
time will determine* 

tlsn^EitaTTy of 
Ma^-p t^is. 
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COXCRETIONS IX STRErVMS FORJkiED BY TIIE 
AGEXXy OF BLUE GREEK .\LG.'E AXD 

related plants. 

By- a JUSTIN RODDY, M,S. PilD, 

May y, /pJji.) 

In iSfja, I discovered tliat concrettcuian' for matj ^n* occurred 
in Lktlr Conestoga Creel;, Ijiicaster County, Pa. At that time, 
however. I was engaged m other studies and gave llie eoneretious 
only a passing notice. But in the late summer of 1914, my atteii' 
lion Mfai directed to the subject again by ihe rcadjng of Dr. Wal¬ 
cott's paper on *'Pre-Camhrian Algonklan Algal Formations" which 
appeared July 33 . 101+ This pa|tcr made me realize the imiwr- 
laaice of .n careful iiivesligation of these (larttcular stream forma- 
lioiis as to characteristicj, dbin'luittoti, origin, etc. 1 began at once 
3 careful and extended search in the Little CoucslogB as well as in 
other streams for concretionary itmeturct of rccenl formation. 
My scatcii was amply rewarded hy Ending them in great quantities, 
ami distributed throughout nearly the eiiltrc length of the 1 -iltlc 
Conestoga, T found also llial they not rmly occur in ilu: rreeh 
itself, hut that quite targe deposits of the concmiom iiiidertie the 
flood plain meaelows along the creek lunks. One of these In Ken- 
dig's W'ooda. tsvo milts southwest of Millersville, Pa,, is fn,nle up 
wholly of eonerelionary materials on the toir of which forest trees 
of large sice am! considerahlt age arc graving. This dcposll 
covers nearly an acre to tlie deptli of aljont 8 feet in the tniddte 
tJiimtiag out Icnslike toward its eilgea. Aiiotlier de[iti#it along the 
flame stream near Fmitviile in Evan's Meadow, more extensive in 
area hut of slighter ctiplh, forms a aubstraltim under a thick sail 
cover and has an average de(Uh of about two f«L Deposilci] con¬ 
cretions occur under similar cuuditiems in many rrther of ihe 
meadow'i along the stresim as is shown by weathered concretions 
occurring in llic soil and wash wherever wet-wcather stitam gnllies 
have been tom through the scul cover. 
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Though llie$c slmcttirci, ^ I shall show later otip arc without 
<lmibl diitf lo Al^id ngcijcy in Eh^: stream waters, it niay lie wd1 
to premise the full discussion of their origiu by somewhat com¬ 
plete dcso-ipiioiis of their charactmsEics a$ lo fonn, size, struc¬ 
ture, etc. In this way tlic ni tent ton OE liotanists and gcoiogiits 
will he directed to their siudy and distrihutkin. so iliai thdr sTgnifi- 
enner as ageau of rode formatipa and the flora^ responsible tor 
their grow'tb^ may he fully w'orked out. 

mjd 5ho^f.—The coiicreiions iKith b the stream and in 
the deposits vary in from peas to masses nearly a fwt in di- 
ameier (see Fig. i j. The bUEer ^sjkc ii rKU very contmon in the 



Fi^ K A frdiUfi of I he thdr <tM, shjtpf, ™rfaee 

BfifKiu^ce And cotMf, Xol i Ittfihrft; Xi j *b<?ui 5 tnchei In fare 

diameter sinj j Inchi-i thick; Ni? 3 if i^nchei. TTkc two smaller eon- 

ereiK^ns ahcive arc hotli in collar siiid suriaee fipptaranec, 01 HTowme 

stream hm man)' large cone ret ioits occur in the dcpi>sits probably 
ttfcause the smaller ones after depositioii in hmd forms liavc been 
carried away in solution by jicrcolating waters kavbig only the 
larger forms. In the flood deposits in Kciitltg^s Woods thousfarids 
of the cone ret ion£% xvhen I found die dt|K)fSJt last suimticr measured 
nearly a frioi in length and six inches or more in transverse 
diameter. 
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The imaller concreliotis ars in variably ellipsoidal in shape i see 
ri|f. 1 1, and ciiiite synjnsetrical unless broken by Hood action. The 
larger sired concreli'jns, HiougU of ttic iame general shape, are lesj 
syinmelncaL Those in the stream ate nearly alirays more regii* 
larly cllipsoitjal than those of the dc-}*osits iil iTood plams and 
stream bars. This U, uo doubt, dne to their sveathcring Lhrough 
M)lution or to their having laeen broken by Hood duritig their 

uaTtsportation tn their present jjosittoii^. 

The concretions in the Etream arc quite hmj in tVTiturc; tJitWC 
in the deposits are less compact. Iknh are itorous and rovighly 
coralline in general appearance and internal siructurc. 

In color they vaty from bluish green to wluti^b. The growing 
specimens in the stream arc generally tilnish green. Alt siJecbncns 
after exposunc for some time to stm, air, and rain or to ihc action 
of soil waters become grayi&h white. 

Compojdtiim omt //drdnm,—Tliougb the comiHwitlon varies 
slightly from place to place yet all are limy deposits concentric 
amund a mtcleus. The main coTistilnents in the concentric layers 
arc calcium carimnate, silica and grgatiic matter of vegelable origin. 
Upon dhsnlving out the timy con^tituenis with dilute hydrochloric 
aciil, a mat t$ often left of vegetable inaicrtals coinjtoscd of the 
maned siems or tissues and cells of low type plants siifh as mosses 
and alga:. 

Few of the specimens tested had a hardness as great as that 
of common calcite, mosi of them beid|; alien I two in ihe scale of 
hardness- The weathered concretions are generally less coherent 
than those now formuig in the stream. 

The following table shows the main constituents of die eon- 
cretions t 

Onfanic maiitr ... lo^ ta 

HiO « 

SiOl « I V 1 PT I E I --E - S- h .. +,| k. f J2% 

CaCO* -11^ 

Fc .. 

A1 -S..-. E Ee**-*r^*--- Tr^cc 

^g,CO» I g._. Trsice ici 

X of BrnwEii^ tiitdinciti 

i* of from flood \ih\o ikpoait 


70 to $0% 
Ti^iic 

Tram vo 1% 
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^S’^F'Mfhir^.—Most i[io^iTicii3 bas^c as the nucfcas a f]^uarxx or 
lime^^lorw iwbblc of the mimivy rock, Kear M itlcrs^'iHe, where the 
anx'aiii Hows for a nifle or two ixaralld to an igu«ott$ dyke, the 
Jiuclci are clbha^ pebhlc^. tku iome &|acc™en- lack the stony 
TtucSirus homing instead the limy layers concentric arotind a dark 
spot wliiiih proves upoti do$e exantination to Ik carbonaceoit^ mat^ 
ter rc=emhlirif nearly striictnrdess peat, l^robahly tins was origin 
tially a piece of wood or other vc|reiahle tifisae dial carboni 2 t!d after 
the concreiionary lamiimc had accumulated around it. This sup- 
has vended in a niiuiWr of caries, by dndbg con- 
wuh organic matter as nuclei fsee Fig. 2L 


Ftfi. j; ^mioiirn of a erDUi^ of tht eftiicrnijri^^ ^liowinjf the Uniinac^ 
coeornirtc: urnaiig^ritteni ihe liOniw, Uie miL'Ice^ or nticJeaiT [joint, atld 
meiilrie itwontr of poj^ih Onr^ihird iijijurEil hic The nueletii in the 
inmU uptier »f.ieoaieu i% i tituilL waicr worn ijkiartu ^iclablcr TJic larger itpi^er 
tpiccittiira sbau-i ^"hf*re l|it naelea^ wa> brokepi mit when ihe 
nuLile. 


rise concretion^ Wiitii stony niicict may always In? detected by 
tlicir higher specific gravity. 

Around the nucleus of a sjsccimcri is layer on layer of the limy 
matter each tamnia from oite eigltth to one fourth of at) inch in 

pti)c A WfrK ij/iULf, ijv» 3ilS riierncn aso. 
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thickness. Tlic laminfc are not irfjually conip^tct Oironghnut their 
thickness» lint jure opeti and petous wlihm and i^uite solid wilhont. 
A polishcd section of any concretion cxlhlnti many concentric 
ellipsoicht layers with the luickiis nearly alwavia eccentric anti the 
success ire layt;r$ with a greater ihickne-s on llie one side anil two 
ends than on the other side. The tbiefcneas of the sueecssivx 
laminae in any one direction out from the imdeiis is nearly tin!- 
fcjtto. In other words, along any radius the inner kyery jtre jn^t 
as thick as the oitrcr ones. WhcEi found in place in the stream 
where the concreiloas have nai been distnrbwl for a long tinie, die 
down ^Idc laminfc ate invariahly a tittle dticker ihm those on the 
upper side. Tlits indicates thar the greater growth is downward, 
Iti appearance anil ^tmclnrc* the concretifunt of the Litlle Con¬ 
estoga are very similar to the " Lake Balls from Lake Onan^ 
daigua, Xcw^ York, so vividly described by lDr_ Clarke, under the 
name of Water Bit^uil^/' ITiey are also 5oniirwdini similar 
though much larger in siae to the CH^Uttc smicb found fonulng in 
great imnibers in the waliTA of Great Salt l^ske by A, Roth pick 
anil traced by hitii to the agency qf blue green algrcn 

ir"fci:rc pQmil.—Vlmn revogni^ing the importance of a ihorougfi 
study of die Algoid concretions. [ began a s^ysleniaiic mrzh hi all 
jians of the little Conestoga as well n-i in other simmis of both 
Lancaster and York Count ies, PenTisylvania. My search shovvcil 
ikit these objects ohcimid in alt parts of the LitOc Cojiesu>gji nearly 
fr^ini sewnce to mo nth. lint no other Hiireaiti^k in th is pwn of the 
state have ro far yielded any sjiecimens. Tliosc futind in the sand 
bar in I-okc Canandaigua near iht motuh of Sucker Brook are 
probably of stream origin, and i feel eoiifiilent that a careful 
search in the hrtjok would reveal at Icasii some, if not nuiiiy, of iho 
cunoretions. Substances somewliut ^iinifor iij cotiiposiiton CN:ctir In 
other Takes llnui Canandaigua (hough they do not have the cent- 
rrecioimry form. Thm bniinaled ttcfdike actiiniuktintis of Algoid 
OTigtu occur in Rotiufl Lake, New Yrmk, while marly or lu£a- 
ccous deporiis have accumulaicd for ages autl are Mill fonuitig in 
many lakes in Mlrfilgan. Wiseoridn mt\ Indunm. The tufa and 
thiTlolitt ifcseriiKtl hy Russell as fnming in Pyramid Lake, Nevada, 
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5irc injw regarded As of sinubr nrigiii tlitjugh itifftriitg iiiiich from 
the Little Conestoga concretions in liotli lonn anii sirnctitrq. 

Tliai ccjiicTctioiu stniilar to tlio^ fomiil m the LiltTe Conestoga 
occur in other streams b evident Eroui obf^ervatioiis ntside in Cvniijr 
Cottnty^ Pennsylvaniap hv Dr. Widniih however* hatl not 

recognized them of Algoid origin until I caltcd liis allcntinn to the 
well kiiotv*! activity of some ylgse in ]jrc?dp!iating calcium cadionaic. 
In a rccem personpl letter to me Dr. Wiclaiid describes cotrcretioftis 
that he fountl in iSB8 in a strcani near t^emunt. Center County h 
I te, however, says, I JiU^t ibought of them very intercsUiig 
objects from the viewpoinl that they showed oik-c more tusw ahiin- 
daiit i$ COj u'hctber derived froni plants or other sources. In 
short 1 knew loo much and too httk to make the least use oi wltal 
I found.** 

Origin ^—Tn W. Retchcll in ihe First Annual Repori of the 

Geological Sun'ty of JTcw Jersey refers to Cfiaro as active agents 
in the lormation of fresh water marl. In iStlj Frederick Cohit 
found that a number of atiualic plauls, e^pedaUv rfiarp Mosses and 
Algoc, caused the deposition of (raverliiic at iht waterfaJisof Tivoli. 
The deposit ion he attributed to the activity id the i>laui* in abM>rb- 
mj; cjirbon dioxide otid so Setting the lime carbonnle free. Ttuit 
is, ihtsc low tyi)c jiUmis consume carlKui dioiUde aud exliale oxygen. 
W'hen this U tione in w-nler ctrtitaining cak-iitiii bicarbonate they 
deprive that salt of its second molticnk of csirbonic arid anti the 
insoluble ncutml carlwnate of Unie is precipitated. 

W, Si Hlaichlcy and G- FI- Ashley in their rejiort on the lakes 
of Indiana in igoo also refer to the aettFity of plants in the pre- 
cipitkition oi insoltililc lime cartioiiate. ihii they also though! tliai 
the dissolved lime hrmigliE into iJte lakev by s^trcmtifi antf dcjuisitcd 
tSectianically by cvaiK^ration wati a more importaiu agenvy tluiii the 
plants. 

In 19CXI C, A. Davis diseusscEl the origin of the marl? of the 
lake? of Michigan and came essentially in the tmne enwdu^iun ns 
Cohn, He says: 

Btit hi water eafiiaining unifiuat^ of iaJis, cf:prcblb“ af ihjr calritmt 
bicar[ioiiiiTV»« small thal they wmild nrrtt|tit;ucd il there wrre no ^rer 

dSoKiiJe pTe^rnt in the water al att, die preripltallLSii mar he cejuJii- 
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ere<t a purely fhemlcnt problem, ^ xvlutioTi ol wbidi m#x be Icolted for in 
tlie aettotf upon tht birurboaiAtes of fltc oxj'gcil Mt free lay the pltmtjf. Of 
ihr^ culeiiim bkxrbotuie it the most AbundAnt, ind ih-c rcActlata: upnn it 
be bken. es typit^J ;:iiiJ cxprcK^ed by ihr folllowrn^ ehcniical cqiaAliaru 
CaIip(C0*>» + O—^ H*Q T C&OOt *hCOt + 0* in whicb the rjldtim bi- 

carbiinAte Ji coET^erted Into the normal carbonate by the Tiberatcd by 

the plEuiti ^ntl boUi ^fboB dbxiile and DKj^gm let free, the free oacy^ 
possibly aetiuis still further to predpitnte nwrt caklttm ca^noaittKmat& 
C^COiT 

Dr. F. W. Clarke in “'Data of Geochemisttysays: 

^'That Dr. Davij* iheoretical et|iia±ie>n ^jdven above) resti m no dt- 
pmcHtutal 

In an article in dated l>ocember 14, iK}i4, J, Claude 

Jones, of tin; Univer^ty of Kevada, 5a>-3 that the tiifa^ oi Salioii 
Sea and of Pyranntl l^ke a^ve their origin tn blue green alga:. FJe 
shows that wherever these plants xire present In Pyramid Lake the 
gravels arc ocoicntcd together and wherever the alg^p are absent 
no trace of lite liilas can he found. 

Dn Clarke aso-ibes the origin of the “ Water Bisemts" of L^ke 
C.mindaigua to ihe ssmie agency, 

Mb* Josephine Tiidcn in A/iJturjpfH Abja^ (toio) says that 
cafriarffl lotms: a catca reous cmsi i with oilier llnic secret¬ 
ing forms) on boards w here spring w'oter from a trough drips down 
cou^tatiilyp 

Weed in his dasab repoo: U. S. G. S4 mi the rock for- 

imtions of the hot springs of the Yellowstone Natinniil Park shows 
that traveriine as wdl a* *i]icemis sinter arc deposited ilimugh the 
aid of idgi^. 

Dr. B. iL Davis, of the Uiuvmlty of Penn5>Ivaiiia in a very 
mwrwtiiig ria|«r (iViVnfi*. Vol, Vt., July 30, 18437) ilcscribcs the 
als® ajid hitctcria active in the fommtiDti of ihc travertine and 
siliceous sinter deposils in Yellowstone f'nrk. 

Dr. MaeFarlanu, of ilie University of i'enitsylvanU. in spealdne 
of tile acljvilies of thermophilic alga of hot Rpring and geyser 
tcgioiis, aBcriljHK many rock formatioiii thrciughogt the earth’s hts- 
toty a» tine to tiic work of fresh wnter aJga especially of the gmmj 
Cyanophyctffi- 
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Eviuences That the AcTiVE AcEKTii of tire CoNCfiETIo^”AJlV 
Formations in ttte Little Conestuica are Bll'e: Ureen Alc^. 

Tlial the concnition!* described in thr Rrst part of tliis paper ate 
the result of life processes of plants miiy be proved in a number of 
ditTerent ways, ii) Ttie color of all erowing spedrnens in the 
stream the eliaractcristic bluish grecu color of the CyaiiophycCT, 
while those exposed lo rain atiii siinshitie are grayish ivhitCi Care¬ 
ful microscopic exaniinaiion abo of such gmiviug specmietift re¬ 
veals a vaficil ihallophytic flora mainly of the Cyanophyceff- 
Species of the gtacra Clfifthicct^ Af'hiitwccpS&f Noslo^i 

0^c*7f*if<jrjd and Riv^hrif^ fiave been iilcntiftcd. A?sociiited with 
these are several of the green alga* (Qilorophyceat). Many spcdcs 
of tile Diatoinateae Siud Dcsinidacex which geiiendly live In close 
assocLitina with blue green alg*e have als^i been identifieti and have, 
no doubt, contributed the sihccous uiaiier which is dissetninated 
through the cakarcous matrix. Atuong the diatonis, species of the 
genus both iti free forms aj well as stalked forms on algi® 

arc quite prominent. Tlic are also occasionally preaent, 

contrihuting a squall ficrccatagc ol so-cahed marly matcriah Some 
bacteria have also Iwrcn foiuiJ iti associatsem with the other plimts 
hut the l>acierta have prolxibly had little to do wdth ttie calcareous 
dtrpcisitioii, but may couttihulc the Iron winch T find present in every 
onnerctiun that I have analyzed. 

llic arraugement and stnicture of llie laniin^ also favorii 
the view that tiiLSe coiiLTctioiutry aecumiilatfon are due to life 
processes* Tliai [leriuclk aecrciton altcmaies w^lih a iKirio<l of 
quiescence is $howTi plainly by the etmcentric lafuiiiatioiw of nearly 
mil form ttiicknesi?- The oi>en porous nature of each lanifna w-^iihin 
and the more siiltd character w'ftliout, like the concentric arrange* 
Tuentp ts due without dotihi lo the seasomtl eonditipiis of the region. 
Since algju are essentially themiophilic plants, each ivintcr destroys 
pmny of them and stops the growth of most of the rest atn! thus 
at the l>cglntiiiig of the plant year (spring) few imii widely scat¬ 
tered aigsn at first produce *>lmv and scattered accretion of the hmy 
matter: later the.plants l>ecc»me inore abundant and by iunnucr they 
arc croivded over the surface of each Tins distribution of 

the algar .seasonaUy would uiitumUy have Us effects upon the struc- 
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lure and arningenieiit of the limv matter a decidet] though 

rou^h cOTTLllitie nppoartiuce lo llic hi^Lde (jorlion and a more 
p.iel texture lo ihe outer part Hic iheorj jii^t given liap. l>een corn 
firmed hy a study of the di^triliiuion of tlte algx rm the concrttioti- 
ary- lyodies through the season?. The fact also that when the iJmy 
matter i^i dip^ohed out widt aeuU, a mat oi vegetable diaifis and 
celU remaiiifi iiiuirly as large a^ the original concretion h also cmi-* 
firmaiory- Even in the cnncretioiis Tillich arc ecnliiries old as 
those in Lise forest covcfcci defiosit in Kendig^s Woods Lhc dead cdl:^ 
and chains uf blue green alfpe may t>e found, 

is) l.tTnc sctrelinu iilga: are found in the Conestc>ga duf’ 
jng the etidre year bui aboutid trout Hay till Dctciiiher. Tliey 
occur tiot only in Ihc water but cjicnist many objects, in a few 
places intniirig small reef-Jilte aminiubtiuns »{iui1ar to thd$<; in 
Round Lidie, Mew York. 

(4> Quite an array of investigators, among ivhoiu we may nwn- 
lion A gas SI I, Htyelow, Clartliner, ^[l^Tay, Ruidilc, Vaughtiii, \VaL- 
tlicr, Drew, Matson, Dab, ,inrl S.auford, tmte ituiiieii nt first band 
the actjvliies of algtt of the genera LitliofhaitwhH anrl 7faliuitda 
and al30 soitip of Uie bacteria Itt various parts of tlic ocean iiitd in 
nuitty wrt^. .Ml have enme to the eonelusitnj that many of the so- 
called coraJ reefs owe their CTtisttncc jianly and often largely lo ihtf 
activities of these lowly plants, Tlic Bermudas, the ibhainas, the 
Ijiccadivc anrl Maldive Archipelagoes, Ftiuafmi, ,uid extensive 
rock liedb ill the Fluridian Pcnlnsitla have all origniared through 
plant agency as much as through coral poly|>9. Tf ibis he true, it 
is mu only iKissibic iiul iirnlutbJr that tiesh water hliie green ntg^e 
throughout all the nges liavc caused and are still causing the prwipi- 
talirm of rock materials from minemls in solution in strauis and 
fresh water lakes. 

( 5 j Weed lias proved ihoi the coticretitfiis formed in geyser 
basins and fcnuwit ajt Geyserites .arc funned hy alg® which through 
life prtwessw cause the precipitation of the aSlIcetnu maUer held ifi 
solution 111 the hoi water. 

(6) Tlie ob$cr%'ation ihai the laminar accrctior seems to pro* 
ceerl more ra[M(Uy on the ujttler side of a concretion proves that the 
formations art not due to meeiiantcal precipitation of lime carlratiale 
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througU cvajioratifiti or change of tttin»cralui*e. Il lioes, however, 
bugged that the secretion or jirecipilalioti ii dietnical aiul licpendcnt 
on a life process that produces conditions for dtentical reaction 
where the plants or animols arc most ahitndant, 

(7t Conway MacMillan in Minnctotn Plant Life says: 

*' fJnwc Utme tttoiihU have ihe i*owjtr of (iJcriMkins tlwr liny fieiit Ixjdiea 
wiib lime wliJcIi they extnci from tUer soil or fmin rain water which falls 
upon Ihem. Such fonrts are often obeerved m Mnwitsata uptirt dead woi>d 
Of faUen kavea, gencnily< k moiu shady pkcci in the fore*!- Some 
oJ tht blue HTcen have the istwer of coenottus thr.inselvei whit lime 
and in waierinu tnioflfh* and tanh* there eotniniiitci occurs a eatcariMut 
farmatiiin remtuitine one of ihe deposit in old lea-kcittea. Such a emit il 
true limestone extnictcd fironT (he water t^ the chemical aciivitica of the slg*. 

UfHjti a br^fer scale the htuc Ereen alga: have lieen conclusively 
shown hy Weed to be iuiportaiil factors in iravcrtitic formation in 
ihe hot springs and geysers of Yellowstone National Park. 

Hr. MacFarlanc with mil knowing of niy discoverj' in tlm Little 
Concstoj^ Creek has expressed the opinion that these apparently 
insigiitfipani plants have througliout aU the ages played and are still 
playing in all waters an imiKirtant tian in the fomialton of litne- 
stones and dolonittcs. 

(8> 'iljc fact tliat many more nr less ancient rocks Imve been 
demonstrated to lie of algo id origin by various scientists ami are 
similar to the JJttlc i'onesloga concretions in ihetr concrettonary or 
lamitialciJ structures (jr Iwth is favomble lo the view that alg* arc 
just BA imiHirtant agencies in rtick fonuatious tu the present getJ- 
logical epoch as in the past. The iiinilariiy of CryptifsoSn pra- 
fiyerKW. Oitarkian oolitic Eoniiations, NezK-tandia frond&sii, Camasia 
Spottgiam, CaUema tfitttpattn, Calintia uniiasit and Other structural 
forms in rock formations to the work of recent algw in I'ol ! 5 prinE 
and geyser regions has lieen vividly shown hy Walcott, Wicbitd, 
B. M. Davis and olhers. Some, at least, of the above-named for- 
maltotts can be strikingly duplicated in tlicir structural peculiarities 
by the Little Conestoga concretions and recf-like masses of KotiuJ 
Lake,—the Potsdam-Hoyt iomtattoti of New York slate Itcmg 
especially like what would result were inliltrating waters, cementa¬ 
tion, and other solidify itig agents «>r processes lO act for a long lime 
u|>o« the great mass of flood dejiositcd concretions of the Little 
Conestoga in Kcfl dig’s Woods. 
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Olie wottld infer from the niinilicr of coiicrmioiij u^o^s'illf in the 
Uttle am] also from the thickness of lamina In a 

coQcrction that the mineral content of tliis stream's witers is high, 
I ha%'e verified tills by delerminitig the «i 3 .Unjly of she 5troani unsler 
Varying condition^. Ilic salinity In a wet month was ijp parts in a 
mi I lion, wliile in n dry monih this rose in 3/V5 parts iti a millfon. 
Streams in wiiivh 1 has’e found 110 trace of concretionarv stAtontres 
have a much tower salinity, tile Rig Conestoga Creek for example 
having a salinity of IQO. the I’cijiica Creek irjii;, and the Susipje- 
hnnna. in March, above tlic tnoulh of the Petjuea and below the 
month of the Big Conestoga, altoui 200 j.:i,rt5 in a rnilltoti. The 
various springs flowing into the Uttfe t^oiuisioga have an average 
saifnity nenarly as high as ihal of Hie Liltic Conestt^a itself, 

The basin of the IJttle Conestoga is undtrlain with much more 
soluble Hmestotic than any of the other streams so far investigated. 
This accounts for the high salinity of It? water* aj,d f^r the 
distribtiUon of the concretioiis so far as iie know thar distribiitjon. 
Puniier search and study will certainly reveal ihat many stre.-ims 
of the world contain concretionary slntclures ami determine the 
conditfcuts of their distrihutton and formation, I tnist the be- 
gimiing I have iimiie in the jnvesfigafton of slreani concretions wUl 
lead to a wide and tliomugh study of this interesting mid important 
biological as well as gcologicai problem. 

The various facts labukted on (age J57 and correlatCHl widi the 
fact Ihul the blue green algae arc alxuit equally abundant in tlic variog* 
streams nteutioned in ibe table would seem to iudicalc that deposi¬ 
tion of CaJi,(CO,>. is alway-s going tm in nil the streoma during 
the growing season, but that tvhett the salitrily is hw solution bv ibe 
stfeatn waters baJaiices de|iosition and no coiicreitiotts arc formed 
When, however, the salinity is high, solution r^n not take place anti 
Uimmatcd structures due to sea.sonal or 01 her changes are formed 
either in Miicrctinmiry form or mnre rarely as reefs. This h put 
for^rd as ii working hypotJiesis, many more observations and 
analyse are nceilat however l«fore the s-uriotis ptohlems connected 
with these foniiatiuns can be fully solvetl. 
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FuktiiivR Xemts (ik Gonchetioxajiv Pukuation^ Sthe.'.ms, 
Since wrilhig ilie aboi’c 1 liave been foriintate cnougli lo Jiiid 
3 iiciv turaliiy for concretions. ECnowiiLg^ that I^ottegal Township, 
Lancaster County, cum prised a riotahl}' large area of Cambro^ 
Ordovician Itniestones, I judged that its streams would be fnvorabie 
to the growth of calcarenm concretions through the agency of Idiic 
green alga*. Search on April 35, tn noneg-dl Creek, revealed these 
ohj'ects in greater abundance than in the Little Coneslorga. One 
meaiUiw of fully ti acres burdering the streant about one mile 
northeast of Marietta was found lo he underlain with a bwl of cdti- 
cretitms not less than a foot in average thiefeuess throughout its 
entire exteitt. And tMs was under a soil cover of more titan a foot 
in depth that liacl, apparently, resulted from the wcalheriitg and 
disintegration of the Same objects. The great flood deposits of con¬ 
cretions In this and neighboring tneadow's were parallrlei] by large 
ijuantitics in the stream itMlf, fully one flfth of the stones in some 
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places in the stream channel being' of concretlotiat7 origin a$ ^hown 
by their shape, laminatefl itniclure, and composition. 

Tlifi finding of the new locality t$ of great ititcrest. It shows 
that a (airtffiil, inlclUfeiit, and ^slcmatic search will reveal these 
formations In many other regions of the world wherever the proper 
conilitions esrisl for calcareous anil siliceous precipitation through 
the life processes of plants. 

But the geological significance of lUe great meAdow rlepcxsits 
also needs emphasis. The large accumulatfon in the Donegal Town¬ 
ship Meadow represents a comparatively tong pcritiil and this indi¬ 
cates a considerable antiquity of the pkititf which form the concre¬ 
tions. Then too. such a beil of closely patkef] ennerctions Is highly 
suggestive of the manner in which sume and cm rock beds orig* 
inated. For were such accumtilations of concrctioni as those in 
the Donegal Meadows to be consolidated hy the sctioii of infiluat-' 
ing waters, pressure, heat and chemical change solid rock beds 
woidd result nodular in ap|nsirance and coticrctionaiy in structure 
hardly distinguishable from the Hovt Potsdam beijj of \'ew York, 

Species pf the follow ing genera of tile Cysitinphye™ arc found as- 
sociaterl with the calcarcouA coocieticnis occurring Iti Donegal (.Iresk, 
Lancaster County, Clicocapta, Mfcrocy#t/j, Cifhspbarium, 

Aphanoiapsa. OscilhttiTia. fJrtfti/orjo, Netinc, Ckreofocn*!. There 
are also ifxcici of Praiervertts, mnnj species of Diatoms, scvciul 
species of Desmids, various species of the Ddorophyce*. severw 
species of I’hseophy cfte, and species of Rbulophyce*. 


THE CONDiTIDNS OF BLACK SHALE DEPOSITJON AS 
ILLUSTRATED BY THE KUPFERSCHTEFER AND 
UA5 OF GERMANY* 

By CH-VRLES SCKUCHEKT. 

May 7, 

Straiigr3|i|icr5 lio not sigrse to randiticmj under whidi the 
hbek hituminpus shales so often met with in Amerfean Paleozoic 
marine deposits were hud do^vni. Awioiig ilie moft striking of sudi 
fomiaticm^ may he incniionwt the Quebec, Mmtinabxirgp CoLliiig- 
wootl, Utica, Maquoketa^ Gcnesce-Portage, OliiOn Chattanooga^ and 
Caney* formaiioEis rsugiug trem tlic Ordovician to ilie PennsyL 
vaniati. To aid m the interpretation of such black shale*, the writer 
praents herewith the main results set fonh by Professor J* F* 
Poinijcckp of tile University of Tiiliingen, in a puWication that will 
not he of tridc disiributton in Americ^.^ The i olio wing is a decided 
condensation and in pan a free translation of his exhaustive paper^ 
which is rcplcle xvhli liiLlidgraphic references. 

The Kupferscliicfer of Gennany arc of Middle Pctitii^m age, 
and occur near the ba^ of tlie Zeehstdn* the lime of marine in¬ 
vasion over the previous eoiiljiicntal series known ns the Hotliegendc. 
In geiienil, the hi Luminous dark :ihnl es tieciir almvc the basal ZccTi- 
stein conglorticraie and Ivclmv the Z^hsteiu dolomiie, and occiii^y an 
area of at least 60,000 square kilometerfi m middle and xvestem 
Nmili Germany, The average thickness of the copper shales over 
w ide areas is alwm* 30 incbei, hui varies front nothing to a tnaximuiri 
anil exceptional local thickness of 35 feet. HoAvever, in many plates 
there arc no black shales and then the equivalent deposits* Or the 
Ijasal strata of the invading Zechstcin* may Ire conglotueraics, sands, 
shaly hmeslones, or flolomttcs. In other woTila, the black hituini- 
nous $hale$ do not prevail evert'where, and the same is true of the 
metnl su1[ihidcs. 

Dan Mccr clef KiipfcrfchciifrT*,'' Brntm-FulKlirifl. 1(>I4> 444^4!^ 
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Tlnf eOp|wr*t«ari»g shales usuaUv jiiocwd the basal conglomer¬ 
ates or sands and finally bccoine gradually more and nwre cal¬ 
careous. passing upward into the normnl Zcclisicin itotoiiiite of wider 
distribution. The latter has an ahundant though monotonous launA 
indicative ot peculiar marine conditions .anil not much like that of 
the Tcthyian nicditctraneaji to the south, which is of ntinnal sea 
ciivironnumt. The palcogeography indicate an itiLind s«i, hounded 
by con tinuous land, in the north Tcimoskondia across to England, 
thence south w France and Rcigiuni. and east over South Germany 
to Bolicmia. In lUc east only were there limtteil eotinections with 
the Russian and Arctic Zeehstein sea. The prcrioiis orogenic move¬ 
ments resulting in the Palcoroic Alps of central; Europe had been 
grealiy reduced, so lliat the streams fiowing into this Permian jea 
were sluggisli and cieUvered anly the finest of muds and sotutioit 
material, while those flowing out of regions of igneous rocks were 
cliarigcd in addition with copper, rinc, and silver. 

The Kupferschiefer are fissile, tottgh. ibrk to black, highly 
bituminous \6 to ^ per cent.), day sliaJes with considerable cil- 
careous maiLTial tliat increases in amoiint upwurtl (Jctcally to 45 
per cctii. i. Copper sulphidei variable in Ojuantity and nature are 
present, and because 01 this ore the strata have ficen mined in 
Germany for seven hundred years. LTnrIdr the microscope the shale 
is seen to be made up of finest day substance colored yellow-brown 
to black by bitumen. Thioughom the ciny there are scattered, 
layereil. or aggregsttd in the form oi jhitincsi tenses varying 
amounts o^f tiny crystals of calcite atid net<ltc-tike apliiilm of <juart^. 
Black coaly dust is also more or Iiss abundant and especial tv among 
the clay pariiclw. 

Tile flora ami fauna of the Kiipferscfucter arc small anti at beat 
do not include more than I Jaticl slcgocepkillan, it lam) reirtSles, t? 
fishes C5 sebchlans, i crossopicrygian. the tost ganoids) witli 
.stnit-tuTcs indicating form? that li^^d on or near the ljt4tofn of the 
waters, l namilid. T gostropotl. i scaphopod. 10 bivulvts. 3 btymoa 
fFeiiestcIhd*!, 5 brachtopraJs. i prohlerualic starfish, ami 1 r species 
of land plants. This assemblage is brought together from many 
locnlttlcs ami tiic fpwics nf fishes are usually biased on single sjicd- 
mciis. Indicating ihat the biota Is not a tuitunil assemhlagc, hui is 
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made up of la^J and ntariiie forms ptns most of which appear 

to be of fresh wnier habkat Tht only common tossdU arc the 
ganoid Fujf^ui'jijcur ffticshbciti, Liuguld crcd^i^ri, 
biiuminifja (prahkmaiic), and Lhc snjall bivalves Nucuh b^-yrkhi 
and Bakmfftth isomctinies tn colonies),. In other wofdsp 

the life consists of Lind'derived forms t3 vottebrnies and ir plants), 
fishes 15 probably marine an^i certainly tiottPia-iceding, and 12 
apparently of river orifpn)^ and ^ rniirtnc invertebrates aU but one 
of which are forms living on the boitom of the $Cii, attnehed to it or 
to floaiihg ohjects. While the invertebrates indiisite plainly that 
the copper slialcs tvere laid down in the the great scarcity of 
fossils stinws that the fonna ftcovered are in the main not in their 
normal LiabjUit, II ap^^ears tliat only 3 species (the invcrtehrules 
cited) tvere able in jidapt themselves to rhe peculiar conditions of 
the copiwr-iJeposEtin); seas, Nn; a single fCivtiiging animal is 
found, and llic fact that so many fishes <17 species) were present 
as (tuni {Pal^ 0 nucuj frt'^kskb^ni is oiicn more or less decomposed 
by sulphur Icicteria) indicates shat tlic iMittnm had no scavengers 
and that it was not a tavorabie place for any tcind of bfe. 

PomfKCki lias carefully studied llie lisjies, and ns all or most of 
them arc camivorous (sonic arc shell-feeders) tlie question is misled: 
On whiit could they' have fed, since there was so little In>itnm life? 
lie admit? that there may love been ptesctii an abundance of soft- 
bcxlidl and shell-less invertebrates on wliicii they preyed, but finally 
concludes that h is much moTc correct to ai»vin>e that most of the 
fishes Cal least 13 species) were drifted into the sea from the 
If they also lived in the h itu^t Iiave Ix^cn m the oxygctinwd 
surface waters Or the shallow shore regions. On the oilier h^d, Ihc 
invertehraiea present indicalc ihnt nearly all Ot them fed on micro¬ 
scopic plants and (do ostracods arc presents however) ami 

it is perfectly nainral 10 asatmie that the surface and sun-lit vvaters 
abouttded in a varied planktoUt ^ <lo the seas anti oceans of luday, 
U was this world of mtnuie fomis* the plankton h that ramed into 
the ikpths. lewlliig ihe sparse b^acUio^^od and niolluscan lite and 
the commen stitphuf Imcteria. 

Moreovert ii is ihe abundant snrEace pbnkton that tn all proU- 
Nihility has funiishcd most of the bitumlimus niatler* assisted Eiirther 


262 


SCHUCHERT—BLACK. SHALE DEPOSITION 


7 . 


by the Isinct^eHved fishes, wlnlc the coaly jot^tanee has resultcil 
from the land plants, Alonjf the shorcf, in tile oxygrnatetl waieta, 
there prohohly also was an abtoitUtnce ni « 4 -weetU and among them 
il-Oiiluicss lived most of the invcrlebimtes prasened in the Kupfer- 
iohiefer. The marine plants art broken up by ibc nonns, ami the 
water currentB plus the undertow generated by the w-avc* and tides 
drag Ihia imteri.il into de«})er ivaters, where it is siow ty rotietl and 
further nlterctl by the sulphur bacteria. There results a foul btrt’ 
tom, free of oxjgcn. and recking with carbonic aciil and Mjl|ihureiicd 
hydrogen gas. Tlie chemical reactions m;i up hetv fijiageiicsis> 
reauU in the dcjiositiou of the metal sulphides (copper, xinc, sUver) 
and the bituminous alteration (uroduas. 

Tlie paleogeography, as stated aboCe, indicates an inbnd and 
almost Lmd-lockcd sea. Into such a Itasin the Currents gcoeralcil 
ill the oceanic areas can at best ajter Imi little, and that such diil 
not enter in any marked degree is seen in the abnost complete al^ 
sence of floating and swimiititig ittvenebrates. As for the general 
physietd conditioiiR, v\vilthcr thinks of stagnant waters, with marine 
swamps: Kayser of quiet bays of tiiland seas with foul [joitoms; anti 
Dosx of stagnant places like the present kivs anjutid the fdand of 
Oesd. where the lioltoms are rich it) iron sulphide depo^^ils the 
hteding or iiiedidual muds. rou.|»eckj, tmwever. Ands more or less 
valid obfeclJoiJS to all of these siiggcslions. and thinks the best 
presctit analogue |o |,e the Black Sta. wW plivsiol an-l organic 
conditions are uow’ well umlersloinl through the work of Andrus- 
»w anil l.chetliiiijtcw. In other words, the Kupfersehiefer sea U 
“a Fossil Black Sea" in nearly nil iis ehiiraelrrTStie< excejit depth 

With regard to the oomliUous of the Black $ea. it is mi inland’ 
rehc sea. which wa. once a ,«rt of the Tethyiau mediterranean' 
Its greatest length ,s abom 715 mite^ ,ind it^ x„axm.,uii width ^tto 
miles (making its area 170,000 wioim miles), and ir attains 7 i(x) 
feet m depth. Flowing into it are many rivers, among Ute 13™,. 
of which are the Datiube. the r>niei,rr. and the Urni. lu otdy muJet 
of surface water is throiigl, the strait and over ,he barrier ot tiie 
BosjKirus into the Sea of Marmcni anil thence through Ute strait 
of mrdaneUes into the JEgean S« and the Mediterratman 4 
coniiwtisaUiig Imt sinaller inflow of silt water f salinity 3 per cent ! 
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occurs ;it greater depths. The shores are high and hold on the 
northeast, cast, and aflUihw'cst* anti hai on the north and northwest, 
Antlmssow^ has ikscribed the physical and bioimnik coiirUhoits 
of the Black Ski as folioBeyond ihe shadow margiwa! waters 
of 600 feet ilcfTih there b no bouomdivitig life (hcnihos). while in 
the Jvurfidal fresher waters ilown to about 7^0 feet there is a mere 
or less preat abuiakuice of fioatinif. usually micrt^eopici of#en-sea 
formi (plankton) and the larger, frec-swttiiitiing life I nekton eol- 
leelively n\itO ^|ttikcin of as the pelagic biota. "Iliis upirer layer of 
feesbened water and its jMsuliar life eondiiions are hronght about 
bv the enclosed nature of the deep basin, the inrtowfng of immense 
(pianiities of less dense fresh w^atcr that renirtins at the mrface or 
is ihere cvafjoraledp anfl a dee]>-seated, parhaUy conipeusaiing cur¬ 
rent of salt water from the Sea of Marmora through the strait of 
Rospt^rtis. It U estiniatciS that it tikes about 1,700 years to renew 
llie entire salt-water content of the Blnck Sea. 

Because of these differences between the lighter surface and 
the Jicavier hottmn salt waters, ihere h no vertical streaming nor 
convectinn currents beyond 750 feet oE dq^tls* aud therefore no re- 
pkivishing of the dce|jer manno waters w^ith the o^cygen tliat is 
necessary for the nminleuauct of Leulhonic life. At the dqsth of 
6cxi feet^ hydrogiti ^iilplirik iK'gin^ to fonii (33 in 100 liters of 
water) ;ind inexciises rapidly w'itli the depth to Jjooo feet 
and I hen more slowly Lo the Ixjttnm of the sen. The tofniaiion of 
the HjS is in ilie lujilri dm* to the !^ti 1 jihur Iwctem^ Hand in Itoiid 
■ivith the mcTcase of the H-S goes the decrease <if the sulphates in 
the SC3 water and the prcclpitaiioii of the carbonaies and iron sul¬ 
phides, 

Tliat the nemtion of marine waterand td’jro the gcncratioti of 
sulphurcrte<t hydrogen may be better understood, a iligfelision into 
tJic studies of occauograjihera becomes neecstsary'. The ainuosphetic 
g^tscs, oxygen ami nitrogen, are nlirtortied m tlic sfit surfiscc more 
ahimdiiiuly in cold than in warm latiludcs^ and the quantity absorhed 
is again variable under vaiydiig pressures and chcmJcal conditioits 
of the welter. Thifs complex siitjjcctp too long lo fitatc lierc, may be 

^**141 WvT N^oijp*" Gtiid^i dtji ExctifdiitLS- GeoL Tutencnti. 

St F^lentseurif, 1^;. Art XXIX. 
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6tuclJi:(l iit Krununer^ “ Handbuch der Oiteatiographlc," I., 1907, 
292-317. Funhemiofc. the amount of ONypen Es increased 
U'hca iherc is aa abundantte of artsimiUting [diintSi as in the areas 
of the sca'Weeds and diuiniits. The gases are then distributed bj* 
the general water circulation to most parts of llic oceans and even 
into the greatest deinUs. in general, there is an abundance of 
oxygen <1own to 350 feetr htit in the tropics it is wanting in the 
greater depths ot the shelf seas. The oxygea is consumed by the 
animals and by various hyilrrxhcuijital processes and consequently 
diminishes in quantity as it is carried «lotvn from the surface and 
over the Inttom, hut the qumnity of nitrogco remaiiis constant- Sir 
John Murray states further dial in the streainitig open tKcan of 
today til ere is usually an abmtdance of ouj'gcn even at the greatest 
depth, due to the sinlfing heavier and colder fwlar waters, hut ihi^ 
is not the case in partially enclosed seal which arc more or less cut 
off by Itarrier^ and where the water is said 10 be “ fitalc," and in the 
deeper layers of which vertical circulation is restricted. 

Similar sLagnant eondiiicins '‘prevail iti several Norwegian 
‘ihrcshntil fjnrds,* nr on a stnaller scale in the oyster*" polls.’ In 
such places the liottoiu is thickly covered with organic matter; a 
slimy black mud is formed, swarniing with bacteria that produce 
suiphurclted hydrogen, which spreads throiieh the water, tomhin- 
ing with the oxygen to form various sulphates. This causes the oxy¬ 
gen to decrease and finally to disapiwar altogciher, when the sulpliur- 
etted hydrogen In^ins to a|j|«:ar free in solution. It gradually spreads 
Upwards, mud tlx: water is deroiij of oxygen atid coni a ins free sul- 
phureticd liydrogen. at a dqnh i»f only itx* fatl»n«, {« ihc Hlaclc 
Sea. and in the nystcr-lwisins in auiniiTn often at merely a coitple of 
meters below the surface. In summer the *boiioiiMvaitr‘ of the 
oyster*'polls' Iks stagnant, bnt in the course of the autumn and 
winter it is geuemUy renewed by the snp|»ly of com,>3tativcly hcavv 
water from without; then the sulphuretted bvdrc^nn <li«,t,pears 
atid the oxygen relunts. producing thus an annual change >n the 
gaseous conditions of Hit deeper jiarts of the ov«er-*twlk' I« 
autumn the stale of things may Inntonpe criticaffur the Ovslers 
which are siiaptmletl in baskets at a deplli of ,t,eiers ft bap 
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I'»eris Dcrasionally that ttic aniniais all die at this liinc by sitffocafiou 
through want of oxygeti or by sui^jhiir p^iisoning.*"* 

Johnsluoe* stntt^ tltat " Itt some parts of ilie sea* as for instance 
in the 'dead grounds* of the [very shallotv] Bay of Kiel, in some 
parts of the Black Sea. and jarlmps in (airts of soptie of the Xor- 
tteginn fjotilSi where the tt'ater circnJation is defective* and where 
tiierc may he a deficieney of osygw, very remarkable bacteria are 
iti Ih: loniid, I Iicse are ihf suipbitr hacleria. the occtirrintce of 
which is not, liowcver. confined to llntse Iinhitats, In the places I 
h.^ve tiienttuiind. sulphuretted hydrogen is evolved from the decom- 
position of dc.'vd organic matter, and. this sulphuretted hydritgen, 
to «3 a vilely sniclUng .ind ]>oi!Xinouj gas, i» utilized aa food sub- 
stiiicc by I hi! bacteria* Siirli a microbe as Bcgginioa takes in the 
SHj and oxidizes, it so that the sitlplmr is deposited in llu* cells of 
the hactcruil colony, and the hydrogen ap|rears as w‘ater. This is 
tlic fonii of a&aimilatiun of iJse orgatOsms, Then some of the sitU 
phur thus resulting from the doconipositioit of tbe SII. i? oxidized 
to suEphnrie acid* Fliis is the form of respitution of tltc organism, 
it retjnircs some source of tiitrtigeit for tlie formation of its living 
pruteid anil lids it ofUaiTis from the minute rjuantities of nitrates 
and nitrites which exist in solution in the water hi which it lives. 
But It rctpiires very little nitrogen conijwund* for whereas a higher 
animal may require to fixitltzc some of the living nitrogeiiau.s tissue 
of its own I>t)dy in order to obiain its energy, the suljdiur bacterium 
oxidizes the-sidpliiir stored in its cells as the result of the assimi- 
biion of iliB SH*. 'J'hiis the pTotcirl pan of the cell is protected 
iron) waste, and the mtniinai tpiamity of nitrogenous food-ptuff 

Krinnmel nates that the Ifuughs of the Baltic Sea rcneiv their 
dcejier water irregularly and pcriixiically. In the Kilgcn and Bora* 
holm tronghs ( about jay t«i iliwp) Ihe renewal takes place at 
least once and more rarely twice each year, in the Ibnaig trough 
(tdioiu ps f«« ‘tccfj) iiwirjy every year, and in the deeps off Got* 
land and in the tzulf of Bothnia usually only after tttanv years. 
All thisse troughs get the new deeper water from the iveitcnt Belt 
Se*i and more rarely also from the Ore»iii)d cast of Denmark. 

•Sir John Murray, "Tyie Xiepths af the Owsn.'* loi-a |ipi 

»"CoDilit]oi)i of Life in the Sea," 1909, p. J&4, 

rR/Ml rtllL, soc:., Pv. 318 t-J!SMTEl> A%m. 19 EJt 
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To remni to ihe Black Sea and its sediincrLts, the^ are of 
tlirec categoric^: (i) fronj tlie shore tu about 1:20 teet occur Uic 
arcumulalions of sandy dctricals; (j) jrotii 120 to 600 fett is 
found a gray*blue aticky oow, often replete with small fragile shells, 
mainly of Modiola; and 13} tn the greater deptlis tlie bottom is £ov> 
cred with (a) a tough, stkky, black oo«, with much precipitation 
of iron sulphide, an alnindance of ilialonts and fragments of the 
youngest stages of bivalves, all of which organisms are from the 
plankton, and (/j) the dark blue oOte poor in iron sulphide and 
richer in the huest-graiiieil CaCO„ which in jdaces forms lliin 
hanks, and an abundaticc of pelagic dlatoTus. Zones i and 2 alone 
have lamthonic organisms, with the greatest abujidancc hetw'cen 
2JO and Coo feet ; the latter is the rone of Affldiota i>hasei>iina and a 
great variety of bivalves and gastrojKxb (68 species occur in the 
shallower waters). 

mte Kupferschiefer sea. like the Rlneh Sea, had bottom waters 
W'ilh about the average tiarmal salt Cfflitent, as proved by the typical 
Zech stein invertebrates. However, 1>eca.use of the lack of o.\ygcii 
and the higli content of sulphuretted hydrogen aud CC), an abiin- 
dimt bouoni b'fc wtis impossible. That the lop water of the Kijpfer- 
schiefer sea was also treslt la proved by the wide distribulioTi of the 
freshwater fishes in the sedinicnis, the widely uniform sprtiading of 
the thtii rone of sliale. and ibc pre-sence of land plants and bnd 
vencbrales. If all the ^vater hail IfCcti iahy. the fine muds should 
have been bid down iii a narrow aojit bordering the margin of die 
sea, and this is not the case in the Knpfcrschieftr sea. The -ilow 
dctiom^xisition of the organic retmitis fnuiinly iJtu pknkttm) and 
the lack of oxygen in the depths led further to the formfition of Ihe 
bituniinrms content (front 6 to 20 per cent.). 

.\i the Bhck Sea goes down to ^.360 feci, the ipiertitm must be 
asked: Vital was the depth of the Kupferschiefer wji? A ijpsitivc 
anti exjiti answer catt »«>l Ijc given, hut the smalJ thickness of llic 
shale over wi<Ic areas, combined with its intinette and varionsly 
modiiicd connection l)eIow with the Zceb&ieiu congltjiiierate .iiid 
alwve with tlw 2«chstein dolomite, and tus sliallow-water life, show 
that “ it is a tlqmstt of the shnlfowest and sfuillowef <iea.s." To 
the rcvicwxT, the dqith seems to be well wilkin Ihjit assigned the 
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contineiTial *hclf ** j?.. less lliitn 600 ket. The f^shw^itef 
ooverrin^ Ptimp^kj thiiikf^ was thin* 

Jn5i as in Lhe Bkck Sea iJic fre&h wafers arc ileposit- 

Ing ^nil.H antJ c?ihcr lutaml sedimcnu tliat are free of bimmoi, m 
in the Kupfcrschickr sea there U sotne evidence of rnajpnal sands, 
sandy anil clayey limeslones, and regioiis free of njctaJ suJphides. 

Later, the bbek sea of Pemmii lime gradually changed, lirst 
bcally and finally every^'htre# intD the hmesiimc-iliilamite «r Zcch- 
stein sea, still, however, an inland sea ljut devoid of muds, and 
biuiminoits tnateriaifi. In the shallow regions nearer I he shores 
arose reefs of bryoioa, hut at best the li^echstein sea* cveri wlu±n m 
widtst connection with the ocean, had a snmll and monotonous 
Cainra. 

In an earlier paper PoTnjMxkj* tliscusses a sirnilar <.li!posji, the 
T^tne of Posidomm^a bromti of tlic Upt^r Ua?. of Germany. It 
seems ilcsir3l>k to dtc also some of the details given in this pa^wr* 
because they arc somewhat differciu from Lliosc coTiccrmiig the 
Permiati* The deiio^its arc fissile, tmlcareous, httumincitis, dark 
shales rich in iron pyntc- Itocally there arc also hori^cHis of SanJ- 
Btone, lian'cn of life, and layers of slinkijig limestone. Tliose dts- 
posits are fonm] In imrth%vestcni Gerniatiy (nbuui 40 feet thick) 
anc! France. 

In Germajiy {Swabia and Franconia■> the fossils consist of 
diaioms anti coccuhth*, honi sjjongesi, vvty pirely a sea-urchin, 
criiiirls (sometimes with stalks over 50 feet toug), a icw' form^ ot 
hrachmpods, about 18 sjiccEcs of bivalves (of which the only coni- 
mon one h Pt>sid^iwmy4i brojuii, but this vciy' ihui-^hrlJed form 
is at times cxeeviliagly ahtindniit “ also /ao* 

crr<imiis dulnifj, Ftrtai roiifrflTrwj), and rarely a gastro^ioil or erns- 
laceati {Eryon), flesidcs tJic comnmjj bivalves niciitionftb there 
are matiy amimnids, lieleirrnicls, sqnas, fi&livd (sebchu'iits, many 
ganoids, tclcosts)* hhihyosatirSH p^csiosaursK and citJCcalilcB. With 
Lhe Jiiartiie forms are associated drifted land plants {tycads* and 
often a great abttml&Jice of conifer logs, ttoiv carboniacd), becllcs. 
and dragons of the air (pleco^smt^). 

" Die Jtani'AWiigenafn^Piii fwEtchrn Pn^Fii:i1iurie u R«5SiiiiEiaMfr Geciif 
iiiHL. JabrtiJwhtii igalp XI\V Jalitif., p\^. iT^idS. 
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Ii is apparent ffom ilie aLovc Uiat liic cotutufin fossils are !wre 
again ifiosc nf ih« nctiton fsauriatis, lishcs with most of the ganoitb 
prolMthly ill frcslnvntcr habitat, tHtlirmnids, sepias ii and drifted 
land planti. Of ibe benthos, only a few g|jecics of bivalves are 
common, am!, wlille the ammoniils are also botiaiii><ltvd]er» and 
occur cotnmoniy as fo.>3iU, ihdr empty shells were ptohahly drifted 
into lilts black sea. The crinitis were also drifted in. for the oiily 
sfjeciiiietis found attached arc on conifer wood, hanging head down* 
ward; otherwise roots of tlicse [jcntaCTinids do not occur. 

In genera] ii may be said tliat tbe Liassie deposits and the habitat 
of the fossils of the time of P&sidonottiya firojnii agree lust ssith those 
of the present Black Sea. Since thii is true, it follows that the pliy$ical 
ciiTiditTons of the hrfuwi sea must have been very much like those 
of tile Black Sea, i. c., it evas a Liassic Black Sea into wdiich ilraiued 
rivers, causing llic surface waters to lie more ar less freshened, .ind 
liritiping land plaiUi, logs, and gut]aid fishes. Howc^-er, there are 
also marked differencei, chief miKing which is the far kss amonnt 
of decomposition of the soft parts of iclitliyosaurimis and iepias, 
u£ which fkshy parts arc often prcservciJ. a condition that ne\'er 
occur? in.the Kiipferscliiefer, Filially, the ahundance of vhc Liasslc 
bivalves points to the shaLlow' ivaters oi the Modinlii oo^e of the 
Black Sea, and tJicreforc lu depths of less Uuin (xxt feet. 

it seem? to the reviewer that the present Black Sen, with its 
great de[rtJi and widcsprenl foul conditioiis, is an exceptional 
example, and that in all of its fcauires it may have no fossil aua- 
logiie. Tlie Kupferschiefer and P, (iramri seas along with the 
American Ohio sea of Upfwr Devonian time anti the aiaiunooga 
SC .1 nf the Missisriiniian period apficar to agree wllli the essential 
condkions of the Black Sea. except os to depth. .\|| of the fossil 
BJadt Seas appear not to Ivjia heeti decfier than #»!:» feet. 

Foul Uittouij are dearly due to a lade of water circntatltm. either 
liecausc there is no wide cunncction with the oceanic areas or be¬ 
cause there are iiiad<M|ualc vertical or coiivcL-iitni enrrents, The 
latter cunditiott* may liavc Iteen more abinulantly attained in womi 
climates llpn in cool ones, due to the lacl tliot the heavier cnlder 
tvaicrs sink to the bottoms and so oxygenate them, In this the 
present is Uic cxcquioual coiuliiion when comixircd ivlth most of 
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geolojric tune. Tn sudi stagnant arca^^ lie tliey amaU a? large m 
area, or ^hallo^ir pr ileqj, the oxygen is soon eoagnm&ct hy the or- 
gaitjsnts of the Iicnihos tmd the dijpilu become stale atid lifeless. 
As the sulphur bacteria are ever present* but thrive htm in the 
stale bottoms, they soon take the asccndanc^^ thentf and fill the 
tvaiers with an ever greater quantity of sulphureited hyilrogea^ pro¬ 
vided they are fumislicd Y,ith the <IeatI cirganistiis on which to 
and thus to increase in iiunilien On the other hand, the sun lit, 
aeraieil surface waters arc the renlin of the green ami assimilating 
micro-pliints^ the free w^hich convert the Inorgmiic carbon 

^oxidc into their organic bodies, and ihe^^: upon ihcrr death min 
into the deeps: to form tbe essential food of the hactetia of the foul 
bottoimi;. 

That depth of W'ater h not the fir^t cssenital for the production 
of foul bottoms has lieen shoivn by the examples cited {almost; from 
the surface down)* bm ic does seem itmt large anjas must have 
depths greater than 300 fteU for otherwise the high w-ave^ gert- 
crated by the sicrmt* wotiU up n vertjCEit drculaticm an<J so at 
least penodIcaHy replenish the oxygen and take a way the foul 
of these dq>Llts. Therefore it tvoulil seem that ftbick S^s of Iiirge 
ske should Ih: deep (300 feet or more) and landdockH Ikhsiiis 
whose oceanic connections are more or less cut off bv submerged 
harriers* Smaller areas are the elongated troughs anil rotimkd 
diolcs below' iht general level of the sea floors, while the smallesi 
and shallowest areas are ihe Ik^jb that sire more or less ^pn rated 
fram the hy do.^cly apiiroachbg lusidlaiids. Uaiik^, and Uirs. 
or the man DC swamps that are tilled with cd-gra^Si ttiangn)vcs* uiul 
othcf motlifiecl laiuj plants. 


ON THE RATE OF EVAPOKATION OF ETHER FROM 
OILS AND ITS APPUCATION LN OIL-ETHER 
COLONIC ANESTHESIA. 

Bit CH.^S. iSASKiIRVILLE. Vu.D,, ECS 

(Jffflrf A/frit jj, jpxj, ( 

Ii is coaceded that the anesthetic agcut must get into the blood 
for distribution and for eventual elimination, wluitcver thcoiy of 
general or central anesthesia one may support. The aiiesthclic 
agent has nonnalty Iteen miroilueed into the lilootl by inhabtioti or 
intravenously. It js normally eliiiiinaieid tnainly via the luiigH 

TIic iiuestinnl mucous membrane of vertchmics n well known as 
an dhriem iransmittcr of gases to and from the bitiod. Pirogoff* 
aii|jeBrs to have lieen the first to mention the adnuni.sttaiion of ether 
by this route. Uqmtl ether iva* used iiniir ilagendie gave naming 
as to the dunger of its use and ether vapnr was substituteil During 
the same year Roux * y'Yhedo* and Duprey^ emplnved liquid ether 
or aqueous mixtures to hidiice mnrrjrete anesthesia. Allhmigi, 
Ptrogoff^s cnthusiiisiH prom|«ed him to predict the supplanting of 
the iiihfllation procedure by the rectal iiiellicd, references to it dis¬ 
appeared from the Uterature until i8S^. I'hcn „viwd in* 

terest in the method by using a hand bellows for ioreing the rlher 
vaiwr into the iniestinc. \briati(,n5 tn tiur tcclmiquc were intro- 
M dnf^. ,ht a* htjL .1,, ol H„„, 

Bull,* «„r.> Witter- »„J P«* „ |«, 

SL P.,,,, 

* Amd^^ftrw dw mrdkinv, it, iftir 

y. J., j, 

rXh'd- je&4. 

*C«Tip. fnicrmti d Sf^mcet med,, 

'* Mfd dJid Snrg. 1884. 
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and fneUtta aficrf-effects These afier-effects, wlucl) one case of 

death directly artributalde to the procedure, caused the method to 
again fail »ti scetiring serious recogitiiJon tauil H)03 when Cuitniug- 
Iiani’'* cuijduyed air as a vehicle for sweeiuiig the ether vapor inio 
the colon. In lyoy I..eugiicii, Money anil Vcrhac** used oxygen as 
the i>«:hicle for the ether va[]or. Buxton^* iu his splendid book on 
'' .‘Anesthesia " says tlial he found the procedure most satisfactory for 
certain ojjerations, for example, those having to do with the ntouth, 
nose, etc, hut he remarks " Deatks lutve occurred." Sutton's** in- 
tnxluctiou of a return flotr mhc for thc^ fnlrtHhiccd and un- 
absorbed consuttitcd a di&tinct advance in aneitficsiii by c£»|d}i1c 
soqition. 

In iin effort to avoid evrtam wett-kno™ dlffioiliies in imravenous 
anesthesia, (jwathiney eicpeTfiueuted with mixiure^ of nonrol 5 aHin? 
solution and ether per rccinttL "Hie concent ratten of ether in the 
ar[ueoiif $<i1iiticin n'as $o small that volumes of liquid were 

iiecdixi* and furthemiorc the ether jSiaLrted from ttic solution so very 
rapidly tlial cxpcrimentaiiati along iho^ie! line* w;is aharidonetl. 
iju^htney then applied a solution of ether in olive nili As oil and 
ether make perfect soliilions tn all toixtures^ it was his hope lo re¬ 
duce the total bulk of iht (luifl introduced into the eotnn hy uj^ing 
3 itrtitiger ^liitiDfi of ether tn oil ihan is possible with any kne^wn 
iiqiieotu mixture. As oib are hihricants, it ivas also liO|>ed to 
av'oid ilic irritation of the nmeou^ memhraite previomly noied. Tlie 
ether may always he scpamirtl from the nil hy wartnin^^ but unless 
the tcnipemtiTfe of the mixture h suddenly raiaetl to an excessively 
high point, the ether passes uE ddiljeraiely, ]| was thought that 
the rvapurutinn of the ether won Id induce ?ome cooling of ihe mix* 
lure wiili a coii#ei|U^t checking of the evaporation and tc^ ahsorji- 
tion. Tliese premises coupled with slow absof|Jtion by the coJoii in 
h!atti|)aris[i!i with the rapid eUmijtuittcin hy the lungs would auto- 

^^Cunnhiffbam tiiJ Lcaliy. iJijjJ April jo, 

rfffr ahu l^iirntmr. BL /. Sihtiviiitr .fffjfr, rooy; nxu; lyeS; 

KcaMrhnc, H'tntj'r kHa. It'-wrA., sw. 

rrJnf. aVc, June^ lyorL 

" Annrtlie^,'- Lon Jen, * 907 , 

Tor full bcconiit oi trdinique itntJ llirnnyrc, iee ** Aneittteda,'' hjr 
Gwath filer Haikcrvillc^ Atiplptoa. Xrw Ycrk, |ip. 4JJ-.i5y. toij. 
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mntically regulate any anes^lhesia that might he imluced in ihts 
manner. As a iicsull, Gwathitiey presunteti a paper Ijefore the sevjmtH 
teciilh Inletitaliunal ^letlieitl Cnogress iti Londot) in 19(3 on the 
work with animals done hy himself and Watbee. 

At the request of my co-laborcf. Gtvathjncy. I undertook an in- 
'"^^tigation on tlic rate uf ciraporaticin of eilier froni mb to secure 
the following intormalicin that might lie of sendee to him in his 
further appUcaiion of his ideas with human subjects: 

I. A conipaiisoii of the rate of evaporatkni of ether from dif¬ 
ferent mixtures of ether and the same oiL 

A companion of the rate of evaporation of cllier from the 
same per cent, mixtures of different oils and ether, 

3. The tiifluewce of surface on the rale of ctaporalion was de¬ 
termined. 


As the result of much pielimlnaq- experirnemation, the follow¬ 
ing mode of procedure W 3 £ Settled upon. Large glass tabes were 
calibrated to i c.c, from jq ex, to 103 e.c. J-hc mixtures of 25, 50 
and 75 per cent, of oil and ether were carefully pbcetl in llw luhes. 
The tiihes were weighted with Tcad ancl place.} in a thermostat 
whose temperatore tvas «i regulated as not to var>- more ihan’ 
^ 0.03* C. from 37“ C, ihe same being comrolted bv a toluene-f- 
merctir>’ lempcnitnre regulator. All coiuiectiotis fgai. water, etc ) 
were made with lead pijnt for ^nfe use over night, as «casion anise 
The water in the Iwith was stirred tiy a system of paddles and shaft 
Ofieralca thmiigb Inrll and pulleys by a sniiill hot air engine. The 
luhes were tnimersed in the bath to williii) 2 cm, of the tops. Din¬ 
ing the first tivc rnmutca two readings were made in each case 10 
gel die highest ^mt lo which the Tolimies expanded upon heating 

“P *0 37 . • ftcr that readings were made every five minutes 

for twa or thrc« hour$. 


Since the evaporation of atiy liquid depends upon tlic jxirtial pr„. 
sure of that hi,,lid ante surface, the higher the gbss uall nhovS the 
surrace nt the 0,lather mixture, the hevier the column of etlier 
vapor nesting on the surface of the mixture, the slower will 1.. 
eswpoiution, comequeutly the diflfertml oil mixtures with the dif 
ferctu Jicrcentages of ether were exporintmted with in rl.n , 

niw 10 .h. ^ hrista in nneh 


tp'f-l 


OF ETHElt FROM OILS, 


273 


In the expcrtniciits «o dctemiinc the influence extent of surface 
played upon the rate of evApc>ratiaii, the same pnecautioits were 
tahen as to height of walh of (tie containing Tesscis. In the Largest 
areas worked with, this involved using as much as 600 to, of the 
mixture. As the 75 per ccilL mixture had been found mort ealis* 
factory cHiiically, this was deiemiined with that mixture onty, 

Tlte ether used was that prepared under my supervision and was 
97 per cent, absotuie with j per cent, absolute alcohnl, Ijemg free 
from adds, aldehydes, and water. 

I'he oils used were of three lyjies. vegetable, animal and mineral, 
being respectively, olK-e, cotton seed, corn, pemtttt and soja-huan; 
cod-liver and lanolin (anhydroiw): and Russian mineral oil. All 
the v^etahle oils, exccju olive, were refined by 3 process devised by 
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th« author^ ‘ and were neutraL The other oiU were jiurchased In the 
(^Ko inarkeL 

The ea]iertmcntaj work wa& carried out hy Mr. Hyman Stwch, 
tuidcr my direerioiu 



The ilnhi obtain*^ for the 25, SO and 75 per cent, mislurci vege- 
table ami animal oiU are »hotrtt gTaphicajly fn Charts 1 II and 
ill. In the cury<» the absdssa sl«,w the JHirccritage’of ether 

CTO^ratcd (Itascil on measurenienti) and the ordinates luue 

cif tut c\*aporation, 

Cliart IV. (selected at ranrloin from chart* made for each oil) 
shows the difference in rate of erai^itaimn 25, 50 ^tnd 75 per cent 
mixtures wiih CHIC oiL 

‘*“rtr<iRiTTff Oik- OiL I’cim Drptt ftrf^rftrr, May. lorj. 
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Chart V- ^howa ihc effect cif InercaiiL'd s^ir/aee on tlie rate ol 
ev^iparaticrti. One oil cmly was selected id ihoiv the prindplei which 
isnfie me of ev^^Kiralmn Iteiirs a direct ratio lo ihe irtirface e^pc^ed. 

“rhc5e e:<|>erhnetiti^ were made in ^ks^, hence they da not dis¬ 
close all Ihc facUfTS in the cundtict of surJi niisttnres in contact v^^ith 
the walls of the coloii« for there ilic principles of osmosis and dif¬ 
fusion are involved. But these ob^r\'aiioii5 ilenionstratcd several 
striking facts J 



I. While ether hoik nl Cr^ it doef< not escape viutcinly 

(rotti an oil-ether mixiiiri!; as from an aiiucins^ mixiure^ when the 
mixtitr*' he^tn] hii^hcr^ nfliriclyK to the IkhIv temiKiraturc of 37* C. 

The rate nf scpuraltun of cdser from ihc oil fjiiickJy acquires 
a tkfirijle iind fairly hxcti S|vcfL 








































































































•J76 t!A5KEHVlLLE-&-ATE OF EVAP0RA7T0N'. (Apifli* 

si'gtuiicance uf this f^uTiiliict caiinnt fail to he of g're^t ittv 
portan^, for by Ibis means ihe |9rij(M;r content of ellter may be main- 



CtlAKT IV. 


taiiicrl in the hlotwl to prorlnre any desired phy$ii))o^eaf effect that 
Ims a tjuantitalive relation thereto, for extini|ii1e, Llie liurtl or surgical 
stage of ancsihesia," 

1'hc last mcntiojied hn.» Iwen tkttiotisT rated clirticaily Uy Walliice, 
who found respiration and hlood pressure fully injiinlaittcd, and 
Cw'athmey and others trith records to dale of about l/joo hiiinnn 
castA. So far, not a case of (fOst'Ctlier fineimumia has been encmin- 

*»!ii ihU connmion It may be iilatictj Ibii aUgm jo rntlj yf a " per 
wnJ. mixinre ti> ao !!>*, uf IxHly weiglit i» ailmlnljiUftd at an wenw. 
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lercd. The after-cffectii iisrually asaociniet! ^^ith inhalata'ctn anc^ 
thesis, unle^ iniluced by th* fu*it intpruveti niixkm lechitiqae, are 
virtually ahscttt, tacltuling ]» 09 t' 3 ite£llieti(r nuuica. Its use for 
special cases involving the head, breathing {lassages, etc.. Is sfipcrior. 
Although having had the privili^e of attimaing clinics, 1 am not ► 
<|iia 1 ifittl to pass judgment upon its value, but from svhat I have 
Icanietl, if necessary, " Give it to me that way," 

CoLUEs er Tse Cetv or Xkw Ynns, 
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AMERICAN PHILOSOPHICAL SOCIETY 

AT PHILADEIPHIA 

FOR FROMOTiNG USEHTL KSGWT*EDGF, 
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SliTin^OSIUM ON ‘fHE EARTO: PI'S FIGURE, DIMEN¬ 
SIONS AND THE CONSTtTlTTION OF ITS 
INTERIOR. 


1 . 

THE iNTliRiOR OF THE EAR’J'H FROM THE VTEWTOINT 

OF GEOLtJGY.i 

Bit T.:c CHAMBEBUN. 
f/Jrqd /iprQ TSfS^'i 

^ 1‘or some time past there iuts ti€«t si marker! drift of geologic 
opiiiitm front the oltler tenet of a nioJieti esirih toward the con-t-ic- 
tiem that the earth is essentially Mlid. Tliis has Imcii t]Uilc a* much 
due (0 the (hotiliibutiom of fidenccs as to the growth of 

ffcolf^c evidence, but this has maeje its ini;>omi)f and eotienrretil 
eontrihutions, 

The great gradtie cniho£imnit.s that constitute the most db- 
iTnctive feature of the oldest known leirancs were formerly re¬ 
garded u solidified portions of a primitive mnltcu earth and seemeil 
to serve jis witnesses of ihc verily of the fortner litpiid state. A 
tew year* ago, however, tt was detemiined—nlmoai simultaneously 
tti several eouiitrics where critical studies on these formatious were 

» riic diseuuum of thi» topic st ilw ncfaioa of tht Soctciy wju hVtlltoul 
maniiKDin or cnJtrj unit this unjwr, impared some t»(er, 1* !e«& a 

rcf»roi 1 ucta<jn of iht ori^ni] ili^cusi^Dji ihiui h sulmtittile for EL 

rRoc. rtru4- »c„ iiv. 3(9 ^ spt. 4 , 
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in prc^ss“thal ilitsc granitic nfc mi only ii5tntsiv<j bui 

th:il tliev were tKrnst into fanrtqtians that twtl previously 
formed at the surface at Lhe ortli. 'Hiese surface fornmiion^ haTe 
thU5 cfiiiie to slaJid as the rrtott aJiaciit terroiics nixw kiKmux Thes* 
earliest accessibte Hepoishions imply the preexistenee tI^ a substan¬ 
tial foundaiiori fonticd ai a siill earlier date, JCeither of these 
gives any clear intimation tliat lower fomiationi arc ililtercrit from 
ihcirrselves. So far rhcit as the record mn-f hack^ k icsiifies to suh- 
stantial solhliiy in ii>e omer fiart of the globe at Iciisl. T!ic record 
implies, bdeed, ihat molten mauor was then present within the eanh. 
but it give^i no cert&ttt meaiJurE of the ratio ol the iiioJteu to *he 
30iid part Tlicrc is no detemiiimie evifienee that a molten eomli- 
Lion was a pre|5ontkrani state^ even in ihe interior, at any stage Ctrv- 
cred hv the lithographic record. The iiiterior cnndttions of the 
earliest stages that aiUcflatc the lithographic record are to he rejwheil 
only hy indircci and TemOie r^lher ihan direct and imtne^liatc in- 
fertmee. Under the infltience nf inhcrsied prestutiprions, ii may 
sccm to many ^tiB probable thot tb-c tsjicfior al the niiiiurc eariit wa^ 
once dominated bj^ n molten condition at ^unic reinme stage, intt 
the phencTnenn of ipi>weffnt iiuhnisling, ^ often aiiown in the in¬ 
trusions of lhe igneous elctneiit iiUu ilie Oiirly terratiCft, ^ms In 
imply thsii at the Archcaii stages the nioltcn elemeiu was in the 
strong grasp of as iwe natural to i rigid globe and 

wa^ therefore then hut a minor anil ^rasive facior, not a controlling 
otic. 

When it is ccmfliilercii that, if the earth ivere once wlnilly molten, 
the material for alt the strati tied rnck^ of later ages must have been 
dcrivcil from the primitive cnisi nfter il was Fonticil and forced 
into posJUnn^^ of erosion—or from itiulicr exitttded ihrougli it—the 
nhsence. according to [ircriciit kntnvledge^ of any gre*ii area of rocks, 
btiarmg the distrncifvc chaTtkcicristics of the congeolcd surface 
greatly weakens the assimiption that die posiulated muUcn stale 
cTiir obtained in the mnLunc emlln 

A study oF ihe fttress^ofnlitioiis of the interior of ihc earth 
5ecms to call for sinnlar reverKiJ of |he inferences met dniwii 
irnm the igticons rock^- From ilse earliesi w th-recorded ngts, tJie 
extrior of the eartlt has given eviil«ice of bnwd toi^ogruphic rebels 
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111 ih-e form grctit cmboaFitrents bjisirm Thcist* sMrf3.cc con- 
li^ratioii^ nnut have condiiioried iSi^ loc^liz^Lioii of txtmsions and 
the Jcjjloynicm ol the efluHive maUml. If the froiti 3 

general and nbtHiikiti source of sxippi)" irhJch responsive to 
gencraf and powerful stresses* vestiges of this vital reblian shoukl 
he fouiui in the voluine and deplo™wnt of Lhe lava SimkIs, H, on 
the other hand, the nioUen nmerint wajt hut ^ fracium of the en- 
vnmtiiag variously dtstrihuicd ihrough it^ the result should 

T)e a midtiiude of driblets srpicezeti mu here and there tn ^itdi si>ecial 
sitmtJofif as the control ling stresses re^iiiired^ or cl^se forced lulo 
WiKih fKJfliotiS' nf the earth-bcKly xvhcj-c the stresses were toss im' 
l>c;riilivc. Now there is abundant geological ex^idtaicc that tltc earih- 
Iwjdy has hvm subjected at re^jcnied hitcrvab lo simtig coinpre^aive 
Uy which it^ iujler |w>riiirm has been foktci] into niomitainons 
Tunges, or [utshed up into pre^t pbieaua. while masses of cofituiental 
dirncfisions liavt- been raised, rriUtivdy. to notable lirighUp and the 
Lioitotn^ of iKisidti and derp^ hive sunk iT^ciptocplI)" Jn even greater 
rcktive dcptks. The nucrnal sire$sc$ which theac dcfonnatiotis 
Imply sliouid hav'c made thetn selves feii |iro|K3rtionate!y on any 
great nia&s of Ihjuid In ihc interior—if it were in cxistcnce^^—and 
cjttru^onst fjrnpprtioilale to the great clefaruUiLioiii^ of the rigid ma¬ 
terial ihoiild futv-c aceonijeinTed such diastrcipln^tu. But, while 
lh|iijd cxtTusnJUif lonh place tmmcwhnt freely nt the limes of great 
diastrophisri^ it was not, at least in my jticlgmciii, ai all coiiimen- 
:surate with the deformative stressi^^i implied hy tiic din.’^troplw rc-* 
suits in die licilsd material. 

Nor was the ccFncvntrutinii of the extrusion & indicitive of origin 
fr^mi a molten inlerior or from great rcrtfilnal reservoirs of 
rock. If such anipte scmrccs of Ihjujil liatJ cxi.sivd they niighi niitiir- 

hav'c been exjiecteil Lq have givtirn forth, nttfler the greai stresifies 
then seeking easement^ corrc^poiidiiigly great floods of lava. Yet 
no single! kx a flood seems to have ailained iiiort ihan 3n extrejiwly 
smalt fraction of the of the earth or of the known solid matier 
* 7 f ii> rc^cm* Even when the sum total of the mosi massive iierits 
of slteoessive tionds in a grvcii region are laktu together—though thr 
successive f^ue^; stretdicd over a con!c?dcr;iltlc iicrioii—they mTcly 
ri^v alio VC a must intiiguificani tract! nti of carth^imss or even of the 
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regional i-cgnieni of it wjth which thty arc assixriaic^L Instead of 
really ttisi^^iivc flow'Kt iiuialylng auiple aovirecs of supply and great 
forces of itie record raihcr a iiiuUittide of little 

ejections or in|cciions oi more or less sporadic distribution. The 
logical itnplLcatloil of these Is tlie prt^cxis^enceof a multitude of stttall 
liquid 3 ^>oL 5. or lic|uiriabk spot^^scatlertd widely ihrough the stressed 
carth-nm&ses anti yieliling to stress a$ local conditions reqttircEL 
lliis inference is snpporied by the preat rariations in ahiuide at 
which bvas ate given furUl. Ilic tno^ Imprcsqsivc illuslrations of 
this ate found In ciirTent volcanic nciion wht>^ rcLatiLKis in altityde 
are preciselY kmwn. Sn far as niicierit coiiditions can be restored, 
tJtcy ajifwar lo fall into the same gvtienit class as existing coudltions. 
Current outfsouriugf- of lava range from the liuttoni to altitudes 
of many thousands of f eet above -scsi level, n vertical range of several 
miles. ExtrusEUns occur at these significnjitly diverse alt]tcide$ 
sinuiLianeou^ly or altemalely or m alntout atiy iluiC'rdauons, and 
sonietimr!> in the most marked inde|iatdenet of one anndier iu spite 
of thi 5 natural sympiithy' of such events in a cousmon stressed Inidy* 
A multitude nf fscts of hlctail, some nf ivhjch arc sitigulariy cogent, 
imply that the lava scnirccs i>f present vnlcaiinc^ arc disconnected 
from one atwnher in the iiiterioT. and hence independent in action* as 
a njle^ though soniicufues dicy show' symiathy without show*iug 
liquid couuettiatL Tlic sioiuxes^ of lava seem h\ be imwiger in gem- 
end, aud the eniptiv'e agencies seem lo l>c controlltd by narrowlv 
local coudiMcms- lliere h an absence uf evidence ihat the lavas in 
the cmitrfs and necks of volcanoes arc jiarls nf great Uqiud fnasjicft 
hebvvt rcAjEonsIvr to the comtnon of a large region. 

Thus geological evidence, wheti criticiilly ^emtini/ed, seems lo be 
djstuictly adverse to the existciKC of even targe reservoir.^ of nioUcu 
matlcr within Llie earth j it ^loliitg ralltcr to tin: presence of &catterc<t 
spotin very .^malt rctalivdy, uii ihe verge of Itqueiaction, which pass 
1^ stages inm ihe liquid form and are thtm forced out l>y ihe dif¬ 
ferential sunes^cs thai abottin] in the earth Iwjdy, cadi such IcfCal liqui¬ 
fying ccjitcr eoumiouly giving fonh drihlcu of bva and gas, a( in^ 
itrvah, fioucaf which often rine to more than an extremety minute 
fraction of I he earth mass or even of tlie ^ubLcrranean ttuws CCJU- 
liguous to the volcano. 
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A revEseil view of the aiiLJ loiiaiton seenu 

al^ to be reciuittil by what iiinv hiowu oi earth-conditions- 
Lender the fonner dooimatice ot the lenei of a molten globe, it was 
fiattirnl to xss^ign to the ?ttTss“tiifFen:iiccs of Qie earth a rUstiivctly 
30l>erllcial localis'jitiDn and Hnutatiortr they were thiaiighi to be af¬ 
fections pti '"the cnjsc" ahiaost soldvp HydroisLaik pressures were 
of oonrse recognked as affeditig the deep Eiiterior, but these were 
ohvtoiisly baJiinciHi slrcsses, they were hiefFective in de format ion. 
The stresses supyKJsctI to give rise to the great reheb ot ilie earthV 
surface were Lhoii^hL to be veiy^ su[>erfu:iaL Bui the stresses iin- 
(lOied liy known defnrniaiive agcndiHt are not all ^tiperlidal, nor 
are their imensUies always grtatci:J at the surface^ According in 
Sir George I>3rwirt. the stressnilitTcrcnccs gcnemied tn the canh by 
the tidal furtes of the mwn arc eighi limes as groat nt the center 
of the earth as at the surfaec.^ So a1iK>t according to the samt 
authority* the strcs^scs t-Tigciiikred by changes in the Totalion of the 
enrlh are cighi times as grt^t at the center as at Die surface arid are 
gnidcd between center and surface- 'The liibJ sUrttisHlifFcrences are 
relatively feeble but arc peq>cttuilly rcncwetl in pulsatory fusbion- 
Thasc till'll arise from rotntjoii belong to llie liigbest order of com- 
prteiicy. The sire^fl-ciifrcrence tltni wmilil arise ai the cenicr of the 
earth fnvm a stoppage of the earth^s Totarion^ wottki according 10 
Danvjn, re+ich tons jx-r square inch, t^liaiigcs of the rate of rota- 
tion are alinoi^t inevitable when great diasftrophic rKul|iisiiTicnt5 
rake fibce, Such pcrioih sire to !«: regarded as critical tintes al 
w^hich great fluofb of lava should be pKmred forth from the 
tcrior if litpuii material were iherc in great volnnic ready to res[iond 
to ihe change; of cnj^ficlty which tlte drfnnnaiiun of Ihe earth's fec^ 
toFB and the cKaugc iii the sphiToicInl form would intvitably impose. 

Not Lo di^laiii you ivitli oltier conskU'rationBH tlic foregoing secin 
best tu ccjtuiiort with an essciuiatty itiaic of the earth's interior, 
if they dn tiDt p^iint tnthcr definitely to such a slate. Even if they 
stood alone, iliey would scan to make a prc^'Jiiling sol id state the 
most tenable working hy|>oihesi^. 

Bui ihey are far from standing alone; the geological evidentic; 
are strongly supported by cemstekrations that spring frimi several 
kindred lines ui ini|mry. The testimony of aslronomiir evirlence 
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fias t«<'n given by Dr, Schlesingcr, Tlic import yf ^isnlic studied 
the Mihjcct of Dff ReM’s contnbutioii, IuikIis verj' special support lo 
tiie view that the Interior of tlie earth is elasticO'tigiiJ at Ica^t to the 
extent ilut distonioniLi waves have been slioviai to pam through its 
interior ll stents ecrtaiti alreviy tliai this condnion prevails 
throughout niuch more than half the volume of the earth; coocem- 
iiig the rest, the (leep interior, the sctsittic evidence U perhaps still 
to he regarded as ttldctcmiiitaie. But i>n die seismic evidence it 
does h«it fall to me to dwell, 

ITte tidal itiulics of Heckcr, Orloff and others lend stqiport to 
tile lend oi a figitl earth hul the)- fall wimewhnt short Of atn* 
dusivetiess. The IrriltiaTil cxjicriniental deternmiaiions of Michd- 
son and Gate, correlated with the compiitalions of Moulton, have 
carried ihc evidence to ihc i>ciiiil of iFreiiminary detiionstraiiun. 
lliey need only to he adetimitcly re|Fealtd anfl verified to become 
final, so far at least as ebslic rigidity cnti Ise indicated by ihc rc- 
sfponse of the cartli>l)ody to solar and lunar at trad ions, 'fhe a|)ccial 
feature of most eriiical value in the detiumstralinns of Michelson 
and his colli-agucs is the high degree of dasiidty shown by the 
almost mstantaneotu response nf the earth to the dlatoiting pull of 
the lidc-pmdncing bodies, 'nils cuts at the verv- Lnsc of concepts 
fuuiuivd on the supjwMd pru]>crltes of a vtsdms earth. These tidal 
dt:terminations of elasticity are in close accord with the adimic 
eviflences of elasticity. The two are happily cuii]|ilcnientMry to one 
another. The one dtals willi llic canli as a whole luiikr rhjihmicEiJ 
scrirf of Increasing ami difiiinisUing stvessnliTerences springing 
from external allritctirm; the other deals in an tutensH'c partitive 
way with eart h substance ljy sharp slicut stresses dial call inio aaion 
its most inttmflte sirqcluml While It is wise, no doubt, 

lo refrain from restii^; too much nn these early feaiiltsi of rclativelv 
new and radical lines of infuiirv'. imti! their results aIuiII he more ma¬ 
ture, their prospective import is raditil and dedsive in favor of a 
sobd earth not otdy, hul of an clastic^rigid eanh. ^\sfiuming Ihtil 
Ihc present im|K>rl of these itniuiries will be amply jurtitled by more 
mature research, ii is licrtmcnl lo bring itiio cousidertuion the corol- 
l3o< they so distinctly imply, vi*.: that itie molten antf viscous tiw- 
tcrial in the earth, or at lea.st m iu outer half, if not ilirnughoul 
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Lu dcc|> iiiti^ritjr, If* ne^lfgibltf hi g^^jitral stuiHcst and cmers into 
idre^trifll tiii^ch.iiiic4f uniy =ii a siilftidLiry firaiurx:. It seeim- 
ncccs^iry to tSmit liquid and vissxnis btiuiife—if tbcrr are bcnita: iii 
aiiv [iru|>cr at ali^—I jo sui^li tiMrMl-cfaitj tiitiifjiirsions tint they do 
not seriously kill out iliBtortiunal waves passing thrnngh the outer 
half of the globe in various directions; for scisnne instrijnieiils ifliovy 
lint these waves rctniTi their Integnty with Bur|)rising tenacity 
through long traverses. It scents eqnany ncc4!i&a_n' lo limit the 
liquid find vii?coifs factor ratlicr severely if the iiiUxior structure is 
to Ijv con^isteitl tvitli so prompt a response of the earth to twelve- 
hour stress-puliiHtrfe as to itiiply almost complete elastic tldehty. 

In the light of these iktiirminations, sireogtlunicd not a littJv by 
their concurrence w iih ihe Smer gvobgiGil determinations, the wurk- 
ing hyTJolheses of lUc cartli'StudcnL cm scircdy fail to give pre¬ 
cedence to d^TiMinic tenets fotindeid on a figttl eanh. 

T"hc limitatioii of Hiiuid ami viscous matter + thiii ins|JU3.vili quite 
radically coiiiltticmS all Icnahlc vieivs uf magmas and of vulcanism^ 
anrt tbits bear^ iqnm the igneous ti.iture of the intcnor. No small 
part of petrologic effort in pa^t decades ha$ l?ecn siKut un the dif- 
ferentiarii>ii of magmas- To ^ imtabte degree til esc efforts have pro- 
cectJvi! on ihc asiiumijcijoii, couscious or itnccmscicius, that ibffercn-' 
TiatTni) took its^ departure from an orlgina! homtjggcnvou.v magtua 
such as nught arise from rc^iiduai jjortinns of a moltcEi e^irth. In¬ 
definite lapses of time, and such ecmdiitous of qnict as arc naturally 
assignablie Ui rcsitbiial reservoirs of iuva* have hecu freely asisumed 
as working conditSon.^ wkliout much question as to their reality. 
Cndcr the hyjjothesj-i of a molttm earth pa&siog slowly into a par¬ 
tially 3 «ulid eirih, and tetainlng re^slduat l.tcunpT oi moUert inaltcr 
.as an incident of I he ctiange, these assumptions arc quite iiiiturol^ 
On the other h:itid^ under the liypottiesis of a pervasively rigid 
earth. ^fTeetcd by sires^unlitioiis that are constantty varvang in 
intensity and in distrihutinn—nnd suliject to more radical changes 
at times of periodic rcadhi^tmcnt—the existence of such nrsidnal 
rnagina 4 hedoinas at kast qutisiionabkv jictliaps improlMhlc. Still 
more <[iie^tioitahlc is tlie as.^umption that the mnkituik of hnle 
liquid spots supposed to arise within tht' elasticn-rigic! massi .always 
have eon formed to one type or set of Lype^ "lltc inhere ni proha- 
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bJihies of tho case seem to point strongly to wiile variation in nature 
due to selective solution or ditTerenttal Fusion. The liipiefying 
acttoti that liritigs ttta^ias into iHutig, uiiilet this viewt is presum*' 
ably contrultei] by the same chemical and physical priticiplcs as the 
soliihfying phases ot the same cycle. The logical presumption is 
that at all stagea of a magma's career frcin its inception through 
its growth, climax and decline to its final solidification, selective 
action will be in progress more or less and that no sLrge will be ca- 
Ullcd to be regarded as original or pafental in 3 special sense, such 
a sense for example as mighi lie appropriate H the lava were the 
residue of mi inherited: original state uid were merely difTcrentialcd 
by fractional ciysLillization as it jiasscd toward mUdificatinn, 

White these contrastei) views oF ilie history of magnias arc 
naturally cotinected with vieivs of the genesis of the earth, they are 
not limited to this relation. They are inlierciil in the very rcU- 
lious of solid and liquid maltcr and htive a more or less impononi 
place im»(iective of the earth's genesis. 

An element of no sinatl ini^iortaiice to a revised concept of the 
interior of the earth has aris«i From geodetic ftiidics on the distribti- 
ttoti of densititiA within the earth. As the gewlttic iKiiitl of view 
i» 10 he p^e^>emtal by its foremost eisponciit, Dr. Hayford, it is i«r* 
missihle for me merely to refer 10 eenain geologic bearings. 

On the assunipiiod that Uie earth was oiicc hi a niotten stale, the 
inferenee is miavolflnble that a |>erfccl iUitt of isostatic eqniUhriitni 
w.ti i.rigiiially assumed by the surface, and that its configumtion 
was at firsi strietty spher0id.1l, ‘11 ic niaterLd miiu have been ar¬ 
ranged ill ccmccntric layer# atsordiitg ig ^xcWit gravity and each 
layer should have had the same density nt every jioim. All such 
reliefs of the eorth's surface, and all siidi (litTcreitcc« of Gpctfifie 
prarity m the same hnrizon as liavc since ari.'ietj, must have been 
swpcrinaiiccd upon ihii originally perfect Isostatic surface. With 
good reason therefore these inequalities have heretofore been sup¬ 
posed to be rebtivety shallnw. On llie Iiyjwtliesis that the earth 
grew up by hclcrogem-ous accretions, it is im ciinally natural iti- 
(crence tliat did'ercnees of specific gravity extend to great depths: 
In an endeavor to find out the U-arings of geodetic data tiii the dis^ 
Iribulioii of densities. Dr T Jay ford tested four assumptions, all of 
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which he fmiiid measurably compatflitc with his geodetic data. 
Fftim Iherte hi: dwiveil ihe resjiective depths of 37, 76, 109 and Xjg 
miles a> the lutrijtcms to which diffemices of density extended and 
bdow which (hey vanished or hecaine negligible. Now all these 
dejHhs are greater than had been asngncd for probable dUFerentia- 
tiuti in the traditiunal moUen earth, Oti the oilier hand, the highest 
figure, t7y miles, wag derived from n curve dmivn specificaLLy to 
represent I he probable distHbiilion o f dciisities in an earth of plan- 
cLesinial growtk TIve tii^^trihiiiiuii ref^resented by (his highest 
figure fit* iltr geo<!etie ibta qiiiitc as well as either of the nthcr as¬ 
sumptions of discribunon. though dratvn on a atrictly tialuralisnc basis 
If it t^ollId he said that geodetic datti ikmon^tratv that die actual dif- 
feremiptLion of i|K?cific gravities has its sensihie limits s<>niewlntre 
between 37 am! jjij mile a lielow the surface, such considerable dcpdi 
wouid ilt^inelly favor au acareuuuary origin agaiiisl a molten 
origin. But a coticlusive dctemiiiinttnn is ycl to \k rc.idittl by geo¬ 
detic inquiries. 

While h ts poasiblc^ wit bin the broad terttis ol liie planet esimal 
hypothesis, to siijifwi,^ that the rale of accireiion wms so fast as 10 
give rise to a nsnilcn planet^ such a ressult seejns to me extremely 
improhabte iintlcr the actiol coiidilions of Qic case. Tlie growing 
phnivt should have hecome callable of holdjng n considrrnlile atmos¬ 
phere by the lime it attained one tenth i>f its present massi f* 
alxiiu the ciuis.s ot Mars. After this the protcirtivc cushion of ihc 
atnmspberc slunild huve greatly checked the plunge of the planeic^- 
mals and brgely flissiiivmeil theiri into dust in ilie tipi>er iiitmosphere 
where the? ineritabk heat of impact would Ixr promptly radiaie<I 
away. The dust presmtiaUy lloaied long and cat™ gently to earth, 
s(i ikiL, while the toial beat geucrsitcd by impact wns large, the leiii- 
|x;raliire of the ciiTth Imfy \v«s probable itevcr very high during the 
later stages of groivth, and perliaps not at any stage of growth- 
FuUowitig uui well as may he ihe probabk autl cojidiiiou^ 
of |p"owlit, the iiiEjst tenable concept ui the slate of the earth * in¬ 
terior under the planclcainisJ hypolhcsis is as follows: 

Tlie eoudttjon of the uudear ^lortion siip|H>scil to be formed front 
nut* of the knots ui the iiarent spiral nebula and constituting a minor 
fraction of the mass of the earth, say thirty or forty per cent * U 
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left infktcmiinate by jireiitiit lack i>f of the i»UyNical itatt 

of thfr knDtJi of spiral ncbukc. If tb^ urc gascoiif=—which i& ren- 
dcnt] iltrubtful by their hek of strirt sphericity—rie nudetbi was 
dc^iibtle^s origimdly molten. If thtr consLituents raf the knot were 
hehl iti orbital relaljons* their aggncgaiion tmghi have been $lcrw 
cjiOLiRh to fsennit a solid state of even this }>ortiofi. The matter 
ailded to the nudens as planete^tual dustr or aj^ pliUietesiiiiak re¬ 
duced in mass and speed by tSie aimosphercH fjrnliJihty retaiiial ica 
snlit) conditionk with ncgh^ible csctrsuioria, ihronj^hom ihe process 
of ajJcrcLion c3tccpt a? MccUd ponlons passed into the liquid stale 
ajul Wcame subject in extrusive aciioii. An ititimaie lielemgencity 
finiiuiiJly prevnikd throughciut the whole moss so agi^^^regatetL A 
selective process^ however^ probably brought hi the heavier uiatier 
Faster and carlkr lhafi the Itj;liter nifitier, for ihe iitagneiiEni uf the 
earth sJiouhl have ahleit gravity in galhering in the magnetic metak 
while the inelastic [danelcsiinaUp praioininantly the heavy basic 
onei;^ when tn cuUislun destroyed ihe opjK>skig ctuitpOEieitts ul theit 
niotiDNS and UeiKv yielded tu the gravity sftoiler than ilie 

more clastic otm. Relatively high sfiecific gravity in the nuttcrial 
of the dee;* interior is thmight to have ariiitn ol llic outsed and to 
have been irteniased Uy the seltxiive viilamism that came into act inti 
as growth pm-v^led. Sfjccial emphasis ts kid on the sptffhvr 
luiiurc of vnleanisiii under this hypoihesis. The intimate nhxture 
of plane Leu mials and planei^itiuil dust gave rise in a muhitiidc of 
mbiuic coniacts beiw'cen particks of dl^ereni chetniersil and physical 
proj?CTties iiid hence ihtye arose wide diflfcreiives in the floluLion 
froinis. A& the tcmpcraiure in the growtn|t plane! rose, Uie more 
soluble portions i:^assed into the liquid vlale liy stages long before 
tile rentalning larger fnirtion reachctl the i<.™^>cratiire of sokiiian, 
in a stresinnl gkhc certain of whose stresses are mure iutthsc to¬ 
ward the ceiiier than toivnrd the fitirfaed. the solutions worked in 
Uic direction of least re^isL^neCk for them generally omwanls, car¬ 
rying hem 01 IfquvfaditMi and leaving the less soluble brger porttofi 
behind with tempemturcs madecimic for further liquefactioti uniII 
there was a renewed aecessiou of heat. 1 he niechntiisni thug auto¬ 
matically tcnd-ctl to remove ihe mo>t suliiblc constitnents hy progress 
sive slugest whtk it tended to preserve the solid condition of the 
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nukin Tlic hyiiOthesis thus stJi.>plit!S a working Tnedmalsm 

whofir rtsuhs tall into full nccotd with ihc I5tales of the bti-nor 
iinplic-jJ by ttdal mv<?$tigatinns and by seismic ebta. while ih? pos^- 
udated liiisiribniiori of gra%Tties a-ocords fairly welt with 

gccKlctic ileieTtiiinatKiti^, as they ikw stancL 

The a<Iaipiaiion of tjticb an caiih to t$o*talic adjiistniiiiit can 
i?carcdy be more than bmlc<i al here. Tire gravvlh of the earth 
shotild hiivc givett it a coiicentTk stmciurc^ iivhilc it^s highly distribn- 
live viili^nistn- together with of its deforntative prrjo^eSi 

shoutii have given a verticat or radial structure, the two conjotnmg: 
to give 3 naluTiii letidcncy to |sri&mitic or pyramidal divisions eott' 
Torging toward tire eetiter. nw iiU 4 ^i jioweTfsil of all ihc deforma¬ 
tive [igeneies, roiaiion, rcijuircd for the ariaptation of ihe earth to 
ilJt changes of rntc, sneh divisions of the trarth'body as woukl re¬ 
spond ipci^t readily to itciAritsi^iofl ttt the injthf ami bulging in the 
c4;|natorial trurtTi reciprocally. As nrgetl elsewiieT:c% tliii acconniiO" 
dal ion ’sectits l>e ?4 inert by three py rami dal peelers in each hemisphere 
with apices at the wttcr arid basci at the surface, the sectors in 
o|fposite hemisiiheres arr+ingcd altemaidy wdih one anfJiheri. Very 
simple UU5lions uf tbe^ sectors on ihelt apices at tbe earth s center 
wuubl ^ihiy the larger demands i^f roiatiotiaJ disronion. while the 
suh-seciiTTs fnlo which these major secinrs would nalurTilly dividet 
as alrcsscs rctpiiredp would easily accomnifjdatc the nicer phaio of 
adjii<lniiritt Tiiist primiLive segmentation to meet TOiaLional de¬ 
mands—which were intHi urgent during tire stages of infall—fur- 
nishcfl a mtchanjsni suitable fnr lire easemciil -il$o of a iitjriion of the 
deformatlouai $tn:ssc:s that aru^ from other sources, anicing them 
grtivitaiive fstreises aritiing frniii Inadiiig ami utdouding Iw erosion 
and scfliuieiitatiuii. A gnivitaticmnl ailjustiiient by tire weiiging up 
.mil clown and iMernlly of sudi sectors is thus ofTereit ivntatiycly as 
a working comirethor to ibeorkts of adjusiment by fluklal or i|Uu&i- 
Iluidal undertow* The ticccs^ry brevity of ibis staicmciil leaves 
this new liyiHuhesis liule more than a crude suggestion that gravk 
(alive atiju^unenl f= isynstiisv l may perhaps take place as fully aa 
the cu&c re^piires in a biglily rigid tbstic earth wUbout resort to 
flow’a^re or even quasi-flow^oge, 

Tuj, Usfin'rasitV er Cure^Cfi. 
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CONSTITUTION OF THE INTERIOR OF THE ii.\RTH 
AS INDICATED BY SEfSMOLOGIOVL 
INVESTIGATIONS. 

Bv HAHRY FIEUJIXG REIU 

e 4 t WX5.> 

In iSS^i Mtliir that lanlnjuake ili»turlianc«s woiilil hr 

rcgt&terecl hy seismographs at great <Iifiancee from their origin, a 
predictioTi first verified when the earthquake oI April l8» tSSp. 
whtiiSe origin lay off the eoast of affected tlie hnrimntal 

penriulnm which Ton Rcbcnr-Paschwitt Imd set up at Potstbni to 
study the attraction of I he moon. Miltic was so convinced of the 
correctness of his idea and of the importance of the results to be 
obtained that in T893 hc established an uii^ert'aioTy on the Isle of 
Wight 10 record eartlitpidkcs from ilistanl regioiiSand he also Siic~ 
cccileil in having insJturiientfi of similar inodd act up nt lihservatorics 
very widely senttcred in various parts of the world. 

Wcrthcim in [S51 showed that a disturbance in the intertor of 
an clastic snlid would break up into tw<t groups of waves, longi¬ 
tudinal and (mnsversat, whidi would he fproiwgatcd at different 
ratc& and as their vclodties are so great ihat they cauiicjt be sqm- 
rsted front each other in the htboratory he suggested tvilh tutc 
insight that ihcir separation mighl first be noticed in coimection 
with the prnpjtgHiion of earthquake disturbances.’ A few years 
later Lord Rayleigh Showed that a third kind of wave could b< 
propagaietl along the snirfuce nf the earth.* Scismobgiais naiundhp 
looked tor tnrhciitiOils Ot tliCsc three groups* of waves in llieir 

*"Siir 1* iirnnairatiai rlu ntmement dan* l« corps aoUdos cr llouidcs* 
Aei*. ilr CTn'miV ft /’Ay*, iflsi, Vol. N3il_ p, ip. 

s^Oit Wave* PrujweattU alDng iJjs l»ljmt. Surfaci^ «<( an Elastic Salid* 
Free. LifndDa Afatli. i’er,, 1*55^ Vols, XLVIL, L 
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scisnifut^nuns, but it was not wiiil t*_)0O that OUlhaiti sticcc^tlod In 
shawtuc (Jclinitcly tiial the scisuiDgrairs of i numtwr of Milne 
mstnimenta gave clear cviflvncc uf ilie existence of three groups of 
waves. Oldliam also ptvhlished a diagram, whieSt was an csEteusicm 
of Seebach’s so-caJlcd ** htulograph,” showing the relation between 
the time of ifansmission of each group and tlie tliBlaiicc ftoitt the 
earthr|uake origin, nieasnretj along the surface OJ the earth, MtltiC 
soon improved these cun'es hy adiiing ohseri'ations of a large num¬ 
ber of fecorded shock.s.* 'i'he general fonm of the transmission 
curves arc shown in the dtagiani. It wiJS be seen that the curves 



of the first and second "preliiiiitwry tremors,” as Milne called the 
first two groups ol waves, art; cnrvctl, indicating that the velocity of 
traii.stnission increaiwa with the distance from the origiu: a con- 
dnsion which harl already been drawn from earlier, hut less ac¬ 
curate. ohservntiuits. Milne altcmpiftl to explain this by assuming 
that the jialh of the seismic distiirhance lay along the chord and not 
along the earth’s surface; this pTitcticaUy slmriens the distance to 
the observing stations, ami if (he ctm'ca are plotted, with distances 

*Rcp- of *he Cpiw. flr SeiiBial. Inveiiigh, B, A. A, S.. 1902, 7, 
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nlnng~the chord, The curvah-rTc is wtiaiiler^ibly iJiumi itched; 
blit lai^ Sind more accurate ohserratitm& show lhat cvcti under this 
a^umiiitiiciti llic vcFocit)^ AitU increases with the disinnee. 'Hie cqii- 
cltl^ion h iiiuti^oidable that as the t^alb of the dlitUTbance sink^ 
deeper into the earth the velocity increases. The tnlcrior of the 
earth thtn. is not a honiORtiieous but a refraelive inediunip and Ihe 
palh of the dUmrlianc« cannot Ik straight hnt must be curved with 
the concavity iitmed upward. ThU conrliiion had been deseribed 
by A. Schmidl as early as 1888 * Seismologists now tjc-iievt ihai 
rbc thtetr groups discovercil by Oldham are respectively the Iniigi- 
tiiditial, the transverse and the surface wave:^. The tratiBiTiission 
curve of die Litter is a straight hne indicaling that the waves are 
imnsinittcd wilb uniform veloc.ky along the 'uarface of tlic earth. 
They have atfeaed seiamogTaphs after having tjas^sefi completely 
amtuid the eartli. U cannot l*t said tbu xht evidence, that die 
first two groups are respectively loiigituUina] pud tram^ver^, in eorti' 
plete; hut it is^nffidents in connect ton with tlicrjry, to make sdsmolo^ 
gifiU ialrly confident that ihe conclusion is cormi; and the passage 
of imts-verse waves^ through the earth to grisii depths is- iirtxiF ilmtt 
to those dcfiths, the earth is solid X for tranaverae waves cannot exist 
ill a li<|uid. Further* since the vdociiy of mtnsuiission dcr^>enda on 
the ratio ol the dasticity to tlie densUy of the meiliumi and -since 
both the Ifingrtndinid and transveri^ wav^^ increase in velocity with 
tlie ilqpili belovr die surface* Imth the dasiscity of vuhunc miil ibe 
clnAtichy of figure tif the cartli, tifji otiiy increase, hut incrase mote 
rapidly than the density f*> wc |>cnetraie hefnw die surface. The 
earth tberefote is nol only dgid, hni ils rigidity increases towards 
it^ Uiougb seistnological evidence Aut^ nut yet prove ilnil 

tine charactcristie extemk tii the very center itself. 

l‘hc next stcft ^vns to determine ihe jjittli nt the Wave*- in the 
irarth and their velocity M ilifTvrcnt depib^r; the ililta for these 
detemnnations were the tinifes of arrival of the carthnuakc waves at 
various di&taticcs from tlic tirigin ; Ibciic tinted are collected in the 
troJi^nnssdon iijrv^. At firjrt i^ight \hib an insoluble problem; 

WelknlrtT^jfijiTit iiTid fnr yuftrirndj .Viiiur* 
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hnl, tlianks to a rcmarknbte nialhtiiiatical thtwciii of Ahd, U U not, 
Tt is clear that the lime of arrival of an carthiioake flistprliatice at a 
fltatioii will ilepctiti im the patli foUowol anJ iht vclociiy in 
liiffercjit parts of path, and if wt nuikc tlie Ftnsoiinhlc a*^UTn|H 
tion. wbkh is borne out hy observation, that the velocity b every- 
wlierc the same at the same depth, then it U evident, if the velocity 
increases continuously with the depthi Lhal the tnin$tiiis3ion curves 
Avtll be c^mtinuoiis wiUiout breaks, and their curvuCnres will no- 
where nsnke a sndtieii cliangc. llte imthcniaUcLl solution of the 
problem has liccn obtained by Wfechert* Bateman and others* and 
ccncretc results liavc I>een obudned by Wiechert and hJs assistants^ 
that we now knnw the paths of llio wave^ and thdr vclcicitics with 
a fair de^irce of iiccnrdCV', at least to a considerablir diiitaiicc below 
the surface liiii the i^utsUons arise: do the vckxiiie^ tnerease 

coniiinioiisty whh the depth; m\A if how? t|Ucstioiis ivbich 
could Im? aiiswered by the stiidy of r>crfecl traii*ini&«on curve*; but 
ev<!ii imiierfect mrves yield some hi format ion ; which , hnwever^ tna> 
be &CI faulty that h must Ik: nfceivL^l with great cautioru Milnci who 
has done such ejccclicnl plnnccr work in scl5tnobtgyi wn* the first 
to propose and aitcmpL to answer these (|Ut:siiotts.^ He thought the 
LmiiHft'iissKiti curve could be ^Uisfled by sup|>u^ing the trATih to con^ 
sist of a solid core having a radius of ninetecti twentieths nt ilie 
tartlf? rnidius^ and sarroimdcd by o thin shell. The care was of 
niiiforni dmnEty and ebstichy^ ^o that the velndiy of iiropagulion in 
it was iiiuform* aiul the pkitlis of the ntys won hi l>e >tTitighl lines^ 
Tlic Velocity m the shcU was nuicli le^s than in the core. Iheijc 
ccmlttinti:i ^atiidied frttrly well the very ini|3crfect traivsinis^km curve 
of ujr^t but they nvsiy l>c dismissed withonl itirthcr coiisidcnitiufi^ 
for sitch art earUt could not ^ti^fy the astronomic tctpiirement?, 
xvliieh exact, at the s^aiiie lime^ die pro|jeT imsin Lkni^iiy and tuo- 
ntcni of inertia. 

Benndorff in U/j 6 thought he ft>nnJ evideficc of o ctiural core 
of Almin four fiflh.^ the earth** radius* siirmoiukd by iwu shells, 
the outer cmc having the same tlnckness OS MilTic*s." In the Fame 

* Ke|i. of ltie Cem. oe Srkfnok liivrslruilisjli, II. A, i^oj, p 7- 

• “ Ucbcj tlj«! Arl der P'ort|,illiiinixii^4i:e?iCliwiht[iglidl dcr plnilitlKrnweltfn 

ill RrUinijemi'" JIfiff. rf. Ci^m. k, Akiid, If i'aj. iii 1(^05, Nos- 
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yeir QMtuun (tcduced frfin^ the tran&tTiissi™ ctirves ;» oetitrml com 
of poi nmrt ttuin four tenths the earth's r.iditts in whicli the velocity 
was di^Uiictly less than in tJie surroujiding shclL^ Kcither of 
nrrangctricrtils have l>reii dmwn to capform to the asiroiMiiijic re- 
quircineutSv Oltlhatn's toiiclusiotis are based on what he consideni 
a distinct Irreak in the transfnissloji curve of the transverse waves 
at distances between t™"" anil 150'' froiti the origin; Inii whwi we 
remcinber that fully 155 the energy pf *iii egrthr^uuke 

shiock comes to Ihc suFfiice within the hcniiephtre liavijiu the origin 
as ilii we see that the ilata for great disianccs 11 unit 1 ?e too tm- 
jwrfect to yield reliably dediictiorts. 

Many years ago Rociic iliowcd that it was C|iurc jipssihlc to 
detcmime a divlrihutitrn of denFihj tu die earth which would W 
discontimions at several levels, but which wtiuJc! ^tilJ be aslronom- 
ically satisfactory. Wiechcrt. in :i!ioived tliat such a system 

mighi onisbt of a cetitT^I core.of ^1diu^ about 4,yoo kiu. nr three 
fourths of the earthV nuHuii, ctinsisiing of irori with ^ density of 
about surromidcd b)' a stpn,y shell alwjut 1^500 knx thkk and 
wuih dmstly varying Irciu 3 m 34^ It was. uaiuraJ I hat he dltould 
cxnminc the iratismissicri curves to sec if they siipponei] his ideas; 
and at the Hague meeting of the International Sci?niological As.sO“ 
datlun in iijOf he announced that ihey did. At the Manchester 
meeting of the same ossociatxoo in 1911 he announced ihe existence 
of two shelts aruimil the central core. In 1914 Gutcnljetg (ntie of 
WicchcTt's assistants) announced the cxistetice of tJirce sJicfls.' In 
addiri<m to ordinary times of iransniissicti* (iutctditrg also used the 
times of s^-nvc 4 rdlcctcd at the earth's stittace and the variaiious in 
the amplitude 7 it is eviilcni that 3 wave which crosses the liomidary 
af the core will ex|)criLEice rcricciinn and refr^aion; and whichever 
jiart is later observed at ihr sitrfui:^ of the earth will have a dis- 


tt /evr. Gfot SflC., lOoO. 

VOL .Uvll.^ Jl. 4jf*r 
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linctly smaller aitiptilUilc than the Wfave which Just missed pcneirat- 
ing into the core. The following tahte show** the fiositions of the 
tyotmdancs of the shells and of ttw core* and the vdocities of the 
loogihidinal waves P and of the tretwecfse waves St it will be 
noticed that it is only at the boundary of the central core lltat any 
marked suddtn change in vidocity ciceiirs. 
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The remark rcgardttii; Oldhant's result* hcre^ iiaiccly 

dial it is questionable whtiher the ohiOTvatioria at distances^ gri^alet 
ibafl too® or are sulfidenlly accurate to justify such definite 
ccfiiclusioTt^. t,mtetil>erg bad the itti^itJigej howevtrg of more ac- 
cumte Dhscrvaiioti^ than Oldbcnn* and also of mcasutiiri of ampli- 
tude*^ There is tio a /*rfnrf rra^i why the carili miglit noL he snade 
up of a number nf ^helUt hut thetc should Ikt satisfociory evidence 
lor aity pTO|>oscd systtiu : and it tnn^t be shown to ^tiafy ihe 
astrunomic requiretncnls; ari at least, xiol to eoittratlicE ihetu. 
Gutenberg^'s system does not corr^twnd with Wi*?cberl‘s system of 
1897* In die laiter a inarked diange ni physical properties occurs 
at a depth of 1,500 km. i in the famiyr, at a dciith of 2,900 km*: and 
in crossing into die cofc, the ratio of ihe ela&tidiy to the dettiityp 
according to Gutenh<irg, rapidly loses fix tenths of its value. This 
change might Im? ihc remtli of ai great increase in ileu^ity or a great 
decrease in elasticity: it may be ijiiest{tjiicd wberlicr die former is 
coxtqiotiblc with the astronrniiic retjuircmirnti, and whether the latter 
IS cponHitilAc with the high rigidity which know the eartbi as a 
whole, Iiiis- So tar no answer fias liecn given to these questionsH 

111 1879 Goorge and Morace t)arwiu alteinptptt 10 dctcrtomc the 
rigt{lsiy of the earth by mcasuriwg ihe Henatlon of the vertical uiuler 

nuoc. ahsu. rate «ic,, nv, rhmrEx^ sirf. +, i?u5. 
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the At t met ion qf the tnoon, If the earth vieyed tike a ftiittl, its 
surface would atwayii remam at r{[;ht :ing1e$ to Lite vertical, am] a 
fHiiiduluni would remain relatively tiialTnnary for all (latiitionit of the 
iriotfli; if the earth were absohildy rijp'd, the moon's attraction would 
dchcct the pendulum an extremely !;mn1f amount, hut an amount 
chwLIb of Iwiilff measured. The Darwilts did not otstain definite 
results Ikcsvus* the disturhances of their pendulum were greater 
than the deflections they attempted to determine. 

A little later von Rebenr-Paschiviti attacked the same prohlcm 
with better success, using a horirontal fhcndulnm. 

Hocktr, hi Pcustlam, and Orlofl, tn Dorpat, have repeated von 
Rehcur-f'ascluvitr’s espcrinieut; and hftlli found values for the 
avemge rigidily of the enrth compamfile with that of steel. Rut. 
who I was most remarkable and what is stil! unexplaineil, the rigidity 
Was ap|)orcmiy gnaicr in an easi-ivcst than in a nnnh-south .lirec- 
tiim. Orlotf. esiHTinirtiting .it a grenier rlisumce irani the ocean, 
fnimd n umalliT differniee thHiii JUclcer did. and it has l(eert sug- 
ficsted thjit the lilies i.if the ocean are iln* cfttiiic of the diflcrencc. 


The Intmnalicinnl Selsmolugn^il .^^sociotion, at its Manchester 
meeting in iOi i, made pluns lo rciieal the fxncruiients in Pari*, itt 
centmt Cantula. in ihc mliWu- rd SmUimi atiil in the middle 

of Rii-i*ia; hut nw rejuinH have yet wniic ftrpm these suiiions. 

In tlw amiimn nf toi.i, M'chrlstm nuacked Ihe sann: pmldcni b>' 
a ttew tnrihod. which acems lapaLle of ywldiiig ntnre accurate 
results- tlimi 111*; horizontal tKimluliint. He measured die dctleciiott 
f>! (he vcftiQl intrlLT the iTilhicnce of dte moon by ujial wa* prac¬ 
tical Iv :i wjiKT level 500 fed Irpiu:. smik si^ feirt in the earth** 
Mldudsmi'i results iur the liAV tigidiiy do not differ grealty from 
Ihcvw nf Urliiff; iiiit hi. riprliiv is souicwl 1.11 less than OrbfTs, 
MicheW» eKperinicnis also show IMt the viscositv uf the earth 
nmst he as great as lUal of stvel. Them eX|icTimenis arc of great 
inlcr(3t; tlay shmilil lie rcptnerl at vTirimti place.!, imd eifwdallv 
at «ytnmclTically siiuaicd with respect in the great'oceans, 

and on tiiid-occatiic UtnniU. in order to deiemtne how tnr thev are 
affected by the ticeanic tiiles. 

T* MMoircmciiU of ifie Ri«i(liiy <,( tlw iLartli" 

Tht Mitvl'ttytifaf itrufmi. iom, VqL XXXfX^ p. 
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We can say in coj]dt4sncii. that the transiiiiission of transverse 
earthtiitnke waves shows that the earth is so^^d^ at least to a great 
dejith below the surface: ami tlwl c>tl«rimcnis on the deflcrtion of 
the vertira] show that it ia quite as rigid and as viscoiis as sted. 
There are still liinkuhies in the interprctaiioa of the observations,, 
but their elucidation camnat alter the general cltaraeier of the 
conduHions. 


THE E:\RTH FROM THE GEOPHYSICAL STANDPOINT, 
Bv JOHN F, HAYFOUD, 

ItifaJ .4pHI J/, rftfs> 

ThU b n bmatt topic on whkh much tntensite thinkiog tias licca 
doite by msmy nmn. It b impossible to treat it adcqiuttcly or cctm- 
prdicnsivcly in tjie short time avaibble. 

In this address an attempt will be nurle to «o concentrate attest' 
tion. on a cCTtain few jioinis as to tend to clarify exktiDj' itlcas and 
to correlate them. An attentpt will also be made to hdp in locatiitg 
the lines of least rcj^istance to future process in llic study of the 
earth. 

The size of the earth, as well as its ahape, b bow known with 
sudi A high degree of accuracy* Hint llie errors are tiegligihlc in 
comtiarisoii with the errors in other pana of onr knowieilgc of the 
earth. ‘JTic pml»ahlc error of the ef|uatortal radius ia less than 
1/300000 jiart, and of the polar semi-diameter is aliont the same. 

The tlirce physical constants of the earth, nitd of its different 
]iattSi nti which yoti ore now asked to conevntrate ymtr aticntton 
arc tite density, llivmtN lulus of elasticity, ami I he strcngil). 

It is TmjKirt.'uit to know as ntucli as ijossihle about liic tletisity. 
The more one ktiows about the dctisity in all parts of the canh the 
more snrely ami safely one may proceed in teaming other tilings 
about the canh. 

Tile modulus of elasticity at each {mim in the tnnli controls the 
hehatnuir of the earth tnider relatively small applied forces. 

The strcngtii of the earth, at each (irtint, as mcasurctl hy the 
atress^differenee at that pcdni nceessiity to ptiKluce either slnw con- 
fittuous change of shajic or rupture, dcdiics the twhavlor of the 
earth under the greater form appEied to ft 

As to density wc know that the earth’s surface dcitsiiy ii about 

ats 
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tliaL iKe density jtrnlmbly increases continuously with increase of 
(Icijth, ilmt the density at the center ta probably about u, tliat tie 
meun density is about 5.^1 that Vi’itbin a ftlm ut the surface of a 
thkknisss nf alxiut one fiftielli of the radius of the earth there is 
isOMatle compensation whkb i.1. nearly complete and perfect as be¬ 
tween areas of lar^ extent. 

Tire tiiatiiier of distribution of the isostatic comiMfUSattOTi with 
reaiiect 10 depths and tlte limiting depth to which it cxtenrls are but 
imperfectly known. Kc^’ertlidtrs it appears that above the depth, 
laa kilometers, the compensation is nearly compk’ie even tltough 
there may be some comjMtnsation exteiulitig heyood that dc^uh. 

Two general lines of es’tdctioe are^ avnilahle in ileicrmijiiug )he 
tnodtdus of elasticity of the canh, that from eartbqnakc imvcs, and 
that from earth tides. 

Tlicre arc many inhereiii and extreme tlifticulites in the way of 
securing reliaUle evidcrtec as to the inndiiUis of elasticity from 
cartliquakc w*aves. 

To Jt)(j live accuracy of avaiJalile ob.'ten.ajiuns of titles iii the 
solid eiirtli wtut insulhdcnt to fttmi.'ih a basis for relbblc concln- 
siom% Nevertheiess the cslintAles of tlic moclnltls dcriverS from 
ihese early obscrvalions were a fair apjiroxiniatioTi to that given by 
the very recent and much more .nccuftite tbservnliniis. 

Dr. Miclielsoti and those associated with him its the obsservation 
of earth tides at the Yrrkes Observatory since loij have devdotjcd 
a method of ohserving which is of a tuiw order of accuracy’ such 
lhat the ntinulc cHonges of inclination at, a given point dite to r,irth 
tides may be detemimcd with an error of less than one per cent, 

’fliese olJ^^e^vn!ifn^^ make the iritwllllns of eln.slidty of tliir earth 
&$ a whole about Uke that of solid steel, namely (S,6) ( 10 ” CG.S,)* 

It is the modulus of elu-stldiy t)f the earth as u whole which is 
mmsiircii in this case. 

It is eminently diisinibk' to determine if [sossible wlrcfher the 
tnodutus of elasticity varies with increase of depth. The MicheJson 
n[)])iaratti.'i possibly ojicJis the way to such a determination. Sii|r- 
fxjfio that the ap^varatiis is uswl on tlie show of the Ray of Fimdy. 
Twice a day a large excess load of w'atcr is phiced in the hay b>' the 
tidal oscillatipu and as frequently Qic water load ts reduced Iveiow 
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nomial. Tlii: z>irt:»acs jn^nkcctl in iht tiody «f ihir earth by th«se 
changes oi toatl iiji]jltecl over an area only abnnt miles wifle are 
probably confinetl almost entirely to the first too miles of <iepth- 
The msigniltidc of diangc* uf incliiiatioii produced at an observing 
station on the sltorc by the cliangittg water lo.nl vvoulil, tliercfore, 
be depctidem primarily on the motiutus of elairtidty of the maluTnil 
lielutv atid aroiuid Uie bay to a depth of less tima too miles. 11)c 
ubservatioiis might sort'c, therefotti, to determine a niuiluhisof etas^ 
ireily of the surface j^ortion of the earth rather than of the whole 
earth. 

Turn now to the thtnl of lire physical constants witicJi it was 
proposcfl to ejtamine, tiamely the sircngtii 

Among the forces which wc may consider as tumishing tests of 
streuglh arc: ft) the forces involved in earthqUiikts. f2]l the weight 
of contmeiits, and (5) the weight of ntuimtaitis. 

The forces which prmliice the 11 lore intense «tiith()Uakes evi- 
dctitly cause etress-tlifletetices locally which are twyoiid tlic break¬ 
ing ♦irengih oi the irtaleriai. ITowcver from cartbqiiakes sic may 
obtain but little inforntAiinn as to tlie strength of I he earth material 
because the intensity of the stress-diffcrcni-es cannot be reliably de¬ 
termined. \Vc know smiply tliat the itilensity exceeds the breaking 
strength of the tnaterial, at iJic (joints of rHjdure. 

It i* uncertain hnw great arc ihc niaxitmitn stress-differences 
pTortiUTCil by (he weight 11 f continents. One greai thtTiculty in coir- 
puting ttwAc streis-difTerdnees arises from the fact that the tao- 
static comiHsisation of coinincnts, nnw' kna^vn to csist, rcdtices the 
stress-differences mtidi below what they would otltcnvise he. J^ovc 
com})Utctl the ninximiint siress-diffcrences I Inis reduced as , 6 y ton 
(jer snuarc indi. Darivin conn pul etl the greatest stress-flifFcrtince 
due to the weight of the eomineins, without i.sostatie cumpirnsaiion. 
as 4 "Jit:* P*:'" sinarr: inch, I f each of (hcae computnliaiiH were [siscd 
upon assimiptlons which correspond cloBcly with tlte facts toie should 
lie warranted in drawing the coiwhisioii ihai the luaximnm strcss-ilif- 
fcrciice caused by the actual coiilitietits suptirnlcd in piirt by the actual 
isostastic compensation is IjciwceTi ,07 and 4 ton a per square inch* and 
that it is much nearer to the aituOJer tluui to the larger value. Hm a 
dosccjtamtnmitin of diheroi theuc cotii;tutntionssliowBthai it isbased 
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lijHUi a 55 Uflij 4 iori^ iiiuUe to aini]jlify and sliontfti iti*? canipuTaticritSf 
%vhich a$j 3 umpiioii$ dejiart wiilcly frcrtn. Iht facts mid tend fstrongly to 
make the coiii|)utcd slTcs^HlifFcreriexs much nmailer tlum the aEMitaJ. 
For cxamiilt. both Diirwin and I m e w&ed in their comptitatiotw 
hypothetical coiilineiit3 rej^rewstueil by rcguliir iitathenialical forms 
m the place nf ific actual eontiiientfr Wi'hh thrit many insularities, 
llic maxtisiLun fittess-diflcreocc causes 1 by the acuinl comificiUs ii 
rtecessarily tmicli greater than would be produced liy the assumed 
sTTw:H 7 thcd cutt, regular, syTnntciriiial onnimetits. 

Kimihirly, no adequate computations bars been nnide in deter- 
iriine the masitnum ftressHiiUefctice dne to iJie mounrains. Damnn 
computed ihe nruximum ^tre^SK-difference ]iruiluced by two parallel 
mountain ranges^ of densit)' rising ijiooo feci alMive the inter- 
medipite valley bottcmi, to be 2 /j tons jicr square inch. Low, for 
the KiiTie momtiain muges^ hut with bo^iattc cuoiiieniiattoii taken 
into accouuT, computed the ma'seitnum ¥lrc?^?-ililfemiee lu be 1 6 tons 
per square iiidt- In iliis ense the oonipniation iniHcaies tbai the 
isontuiie ctuiqKmfiaiimi rctlttced the maximtun stress-ttrffcretice to 
but little more than one half wlial it wunld mberwiw l>c- Ilcm 
again both Llic conqiiued ntaximnni stress-differences have 
gtrfllly rctlucetl by ^ub.^litulirig hypotlsetieii! sinPOThetl^oiit moun¬ 
tains in The place of ihc atiuid Erregubr uiifsymmctncal mourilaitis. 

To iJic person who is tr^'ing Ui get a true ^jiemre of the present 
rtiUe of tii die eartJi. two vety imiJOrtani iact^ arc made evU 

dent by a comirariscm of i!te J^iive and the Darwin compuiaitons, 
bTrrti. the exisiciicc of isostatic cumfintation gtcnily teiluces tbe 
irtTo^s-iJifferaict** wliidj wiiukl otherwise Iffi protluceti by I he weight 
of ilic i'nn line Ills nisd mmnuaiiu- Second* the depth sii \vbicb the 
maximntu stress-diiTcrcnce tend? to fitvur i^ vvidentlj very much 
less iivilh isostntie eompcjisaiii>n them wdthnni ib Flicse lwi> con¬ 
clusions. 1l^^secl on Ibe differences beiwetm llie two amipnlatiDom 
are nppiircmly reii$(Miahly #afe even in spile of the same w'ild :ij9- 
siimplimis oil which iK^th the coinputatiOTis tvere basccl 

Kolc ituti even a litUc infomtalion as to the itistnliulkin of 
densittes—a littk iiifonuHlitm aliuut isostalsc eumpcnsation ^pro- 
touiully modifies the cunrltisinns aii 10 the it.ilc of >5trc><. in the eartlL 
It sliould, ilicreforc* he clear why it was so emphatically staled in 
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an ciarliff jiart pf iliia tlut iu forma tton as lo t]» rli^tribU' 

tion of density in ihe earth necessary in order t<i make safe 
progress in Itsiniltvg other things about tlic earth. 

is die earth cpmjietent tO ivitlistaml without slaw yielilltig^ the 
stress-differtiiicea due to the weigtll of <onibenu and mountaitiSj 
the isQstaiic compensations being consMered ? From the eoiriputn- 
tions by Darwin and Lnve, considered in the light tif the assump- 
tiom made by them to simplify the computaiTUtti, I estimate that 
it is probable that the actual mountains and coiniiicnts with all 
tlieir irregularities of s]mt>e and elci'athm possibly produce stress- 
dilTerences in sonic few places a* gruai as four tom iter square inch, 
and certnitily prorluce Strtss-ilifferences at man) places 35 great as 
two tenths of a ton per square inch. The matjcrial u-ould certainly 
yield slowly under sucti siresi^lifFctcncfii es|ieci!illy when they (MS'- 
sist coniiiiiKmsIy over long iieriotb nf time ;md ibnoughoui large 
regions, Four Ions iicr inch is the brciikini: or ntptnre load tor 
good gmtiitc, one oi the strongest mjiberiais existing in the eanh in 
large quanlities. Two tenths nf a ton pet square inch is the safe 
working load used liy engineers (or good granite. There h abun- 
iJaiit evidence from hilKiraiciry lesis that the sci-dalJcd yield point on 
which the engineer hauses liis esiiiualc «f safe working |cmd for a 
gtecn nwterjal is a fiulclion of Hit: Ictigih of time the load rs applied 
ami the tielicacy of the test. The longer the time of apjilication and 
the more refined the vea 10 dctemiinc the sjcrtmnent yidtl the lower 
the olnsta-vcd yield poinl. In the cb«c of the icat in pj-Dgress in the 
earili ilw tiitw of ap]ilicaiioiT h indefinUcljr long and the test ti ax- 
tmnidy rclincd inasTnuch as the minimum rate of yielding which 
may lie detected is exceedingly small. 

If an ejigiuwr wiAlws to know whether a bridgr;. or foundation, 
or bnihling, i^r railrmid rail :$ yielding under stress-JiiTerencto 
which have hecn brouglit to Itcnr ntwn ii be louk* for evidence of 
distress* for rivet heads iwppcd oil, waiing from the surface, 
setfUng, cracks, nr even changes in microscopic structure. Hie 
geologists have made very extensivv corresponding txanuiiaitoiis gf 
the earth. Kvery where they find criilcnce lhal the earth kn jicldcd. 
On the one fotmh of ihr earth’s surface cxjyiscd to cxatniriatimi, 
tlw land, Uierc it no pan for which the evidence docs twt indicate 
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p^i iijjitft, or 5iib&i^tciii!c^ or hDrimiitfil thnisL crtitliiti^ imder 
tension, or criickiiif prodwccil by ghtrar^ or microscopic yicldiiiig^ iti 
dcUil sulIi as prodtMS schisloslly for or some olhcr fonii 

of p^ yicliiing to airess-diilpnmi^^- The phy'stcjfli siuihiog ihe 
earth must take rhis civxr>vhclmiog f»ass <jf evidence Ttito account 
amJ must condude tfiat the eatili habiittaliy yields siowly to the 
iHTess-iJiffercooes brought lo Ijiar ni>on it PIca?,e ncjte iliat I do 
not assert that the strt^is-diffcrcnecs are alt due to gravity, 

1 propose: now to stale what arc in in>^ o|?s[iion prot^ahly the Hnc^ 
of least rfc&istancc to fuutre progress in stuiiving the tarUi from Qw 
pliy^icaf aiandliOiwL I propt>«e to ouitine whit I lietieve to Iw dtt 
most qjTcciivc methods of attacks and to indicate some of the ccruGlu- 
si Otis vvkich wrih pmhablv be reached. 1 am Icil to tiii s procedure 
by two ctMisidcraiioits^ Firsts i find U ]H)ssjiile Ui ^inie certain t>f 
my opimnus its to the net nulcome of [}^ 5 X lnvc5iigation& most clearly 
in that form—anil time pre^s> Second^ 1 indufirt ihc hope I hat 
stich outline VL'hich is fratikly an e^pr^r-s^ion of jwlgnieitt based on 
evidence much too weak and conflicting xo l>c proof* may |Xi>ii1ily 
kindle Lhc iniagiiiatirin of man or men, and so kikd to vig¬ 
orous attacks ii(Hjn ihe prohlent .md to future pmgressp 

In attacking the prohlemB nf tlie entth one should asinme at the 
outset that the plienomcjia exhihiLcd are very complioaied, iliat they 
are probably dne tti various ftimnUancouii actions, atid that the 
variinw aciintis are prr»hahly ctosely inttrlnckefl, inmlSfyuig each 
other, ihuugh some arc probably ]>nEnnry in inifKinance and othcn& 
sdcutuhiry, I Iciicc the niosi eifeetive mctliCHi of attack is prot>ably 
one which hickifte- a general cnrrelitbn of a[ij^areutiy widely sep- 
amti'd ideas and facts gathered from physicists, cn gin errs, j^coT 
ogTstsi, dienustfi^ ttc.i and at the time ini'ludes micnsive attacks 
ill detail on one after the oiher of single fciiiurcs of Ihe prohlcms 
which arise and an intensive working ant of the ;Kit^^i}ile cciiiw- 
cptcncM of feattires. 

It should be fecogJi.i?.tJtl iii the out^'t thut ntJ ohtm'cd t^e}^avio^ 
of the eanlt cleirly warrant* the assuniption that the mjiu-rkil of 
wiiicb It is composed differs radically in any way fmhi tliat awes- 
ible at the surface. ll should lie as^uincit* therefore, that through¬ 
out tilt earth the niaieriab arc j| rni^sturc ilifferiiig from the tiiixiure 
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found at t\\^ surface only as the e^aTCtne pres^iijt^ -ind laiiperaUm: 
coniiitions nt de^nths dircclly nikl indirectly procluce duTerences. 

It should be kejU clearly in iitind th^it the grudcLk evidence imn\ 
obserratiods of the direction aiid intensity of gravity inilicutes 
aiinply the present locanoii of attracting masses, the present distri- 
btitlon of dciisit)'. It fuxtii^es no direct evidence ^^hutever as to 
past distrilinlions of iJensUy, ur to clmtgfis in drmity now in 
progress, Bui an understanding of the firesent <bstribiJlion of 
deitEfily vvitliin the earth, especiaUy near tlie surface, is so ncccssiry 
lo a true irodcrsi^iiiling of the jireaefii ^iikic <jt stress and of vsscniii 
flow in the earth that an tin der^s Ian ding of the geodetic niflciiiM: 1 $ 
lundanicnial to progress, 

Comptitnlions shnultl he imulc iti c^stcitsion of those Which have 
been timrle by Darwin ami ijove* The new ctirn(mmiioiis dmiihh 
however^ deal yn\h \ht actitul irnrgtiLir enuHnems and uicntnljiijia* 
noi with regular suhstinues. The coinpntations should also take 
into aecouui the bulk nwitdiis of the muieri^ls coiiTjiOfluig the earth, 
ilwt is these matcnals lihuuld asstimcfl to Iw tntmpressihlt. Such 
compulations will nn douhi be hnth KfiRieuli aiiil long. 1 believe 
tliat even a moderatety vigorous attack along tlds bne wfU show con- 
diistvdy dial the earth does not behave ,14 an elastic iNKly niifler 
the large Ir^ads su]KTinipase{l ujvim il \vy the ccwitUlcnts itnd moun^ 
tains, 1 Indie VC thut llic computed stress-differences will be ftiuiid 
to lie so krge Lbat Ihe coiuputatiou will be esseiwially a proof nf 
viscous jncUling. 

NVst make the eontrasiing assumplioJi that thu iwiterid compos¬ 
ing the earth is rcimpeteivl to withstancl hut litLlc shearing stress, 
Uisd th:jj Ihe pre_sBurc at any ^loLm that due tu gnivilalioii iteting 
m the inass in the colninTi e^teniUiig from the verdcalty to ili^ 
surface. L^i it he a^sumeil that ^so^itIltie eomjiensaLiuii esdstB^ \s 
tinrfoniily distribiiicd with res|Krci in depth, ami is complete at 
depth 1Z3 kilnmcters Conskler ihe aanal tnpigraphy and form a 
mental ptclure an accurately as i^issihle of the viscous flows whidi 
would lake place on ihc asyuiii]>tioii ihat at each level the nmtrtal 
would flow horizontally from reginim of greater [iir^siife tn rqpons 
nf less pre^^itre aloug linc^ r.f irtiDsinintn mt of change of pressure, 
and that t!ie linw rale of such viscous fl^ivva would lend to be pm- 
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(icrtioiial ten the sjiactr rat<! oi ch;inpc of [>Tt:5iure. The ilows 
all l>c foutiH to U* away from bcocalh hi^^li religions toivard low 
rcgitin^, fnmi coritirtmts luward oceaiw, froni tnoiiiiuiii? toward 
vxilkys*. 

Aitedr ^iidi a picture lias b<hm dearly fonijecl assume that the 
i^fo^latk cfirlilitmn h ilkiudi^Ei liy kiii|:-Gotilinued erosion tmd depo¬ 
sition [tfodiidn^ changes ict the surface ctevniiuna^ atul surface bath- 
On the same assuniptiuns as lo the UAturt of the dscous flows as 
before* turTti a new fKcture ai the vi.scrjuj flows wUeh ivouIlI iiow' be 
in It will he found that uiider the riew coiidS lions the 

%'i5cous flows near die surface would still be sway from high areas 
and toward \mv areas, but in general they would l>e slower ihau 
before. At ffteater dq^th^H however* ii will iwJ found ihiit the vis¬ 
cous flows w'ould he untlcrtows from regions of rs^nl f!i:|io^liiiti 
toward Fvgioiii^ uf m'ent ctosjoil TIicsc undertow flowiwould m 
general lend lo Iw iu ihc directiou ui rwut stirfcwx trans- 

jmrtaiion of material. TTiis picture woubl ^rve as a a|jfiftixl- 
ination to an imiler^itiiniling of the niechaiiisiu of iisostalic ruiidjust- 
nwtiL The iiiiilertEiws wxndd U* fumtd on these assumptioiia to 
cxicnfl to a consiilcrable ilepih, ccminty more ilmii kik^nieicrsF^ 
Kext one sfKndd picture the changes m tiensity which woiibl be 
produccil by the viscous flcAvs, The di^sity i^hmihl be piciurcd as 
ilecreasiiig in regitms from which material i> lidoy carried awyiv by 
Ll^ flow and itscreasing in regions to which the mnleriul ih knng 
ca Tried- It will be noticed as soun such a picture is formed I hat 
every Uinlerlow flow at any level lend^ to equaliKe presisures at tower 
levels, V\\\s wdll tiavc a Blm-tig icndency to make llie prtwailiitg 
iiiulcrtows dcintr al much higher levels than they olherwist ivouid. 

tjct It be ni^Huiiicd that the ninleriat ofl^ers some small re- 

STStance to shear and still ha^ ela^stic profXTHc^ tna slight degree, Tlic 
condition ns&umcd oriifinally that the |ircs^siifc at a jwrim depends 
iimply u|J4>n the weight of the nmterial above tliat pnini will Ije dia- 
turlictl thereby. Form a* clear ooneeptinn as possihie of these dis- 
ivniK*ncv& and the modi heal tons- of the fluw^ iitnduee^l by ihcnt. I be¬ 
lieve the inodiflcatioiis will be found lo l>e inijxirtant, and that they 
will be found Ui such ^9 tend to confine the elTects dt stir race 
cha^nges of load lo a liepth which is a aittall iractioii of the raditifi. 
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So ratiizh ktT thif dirm t-ffccts of gravity which it ^iis ii«- 
jHimni to pktiirv cleariyn Ncxl oflicr eltect^^ ^mc of which 
are mdiroctly |>rcHlvTt!cd by gravity * 

Fir^t sitjily iht iiirMllfyitig effects of chafiges of Lciiipmlure, 
\Miercvcr flow takes place in (hv quasi—ohtl partioti> of ihe 

earth there licat is neotssarily devclojicii in eutiouiiI equlvalefit to the 
fiiechanicjtl energy ex^Hrstded m overcoming the rc^ssinisce to flow. 
This will teiLd to increase the voliiiuc of the matcrtaL to iiKrt^ase 
the pressure, and to raise the surface ahorc the region of vi^ctjtis 
flow. It is prfibiibk also lliat the increase of temperature will tend 
to weaken the niaterUiL, ihm emphasking the weakening protluced 
by the damaging mechanical ctlccis of the flow. 

This tcirifjefamrc effect is prtdxLlitY looilly iinpcnlantH 
Rencalh areas of rcceni defniAilion the tciii|Mrnitiirc of a given 
part of the hurietl niatcriat wdlt slowly it^crea^^? for long (lenodfi of 
time, on account of heat cotidtidctl up from hclow' and prevented by 
the liciv hbnkct of ijeijositcd mnteria! from rising to the surface so 
freely as befortL DJiiverfiely, bcnesulri the area^ of recent crositfij 
the temptolitre of a given fxjnion of imterinl ivill decreitsc. The 
uUiiurttc limit nf change will lend to be in each ease not gremer than 
abc»uL one degree Centigrade for c^ich thirty-t wn tnctcrs of *kq>di of 
erosion or dcfHtfiition. Tlicse teiti|KTatiire changed tend tdiimately 
TO lower areas of recent erosimi and to m,f$c areas of occent dqMisl- 
tion* posaibly as much as one tfiirtTeih oi the thickuess of the erosion 
or dqKh^lticni,—the Icttipcnilurc efFecl Utking [dace nitidi bter than 
the erosion or dqk^ititiu which ijihiule^l it. 

Study next the elfcets which may be coniiiutcd frniii iljc bulk 
modulus of elaslki^'- Rcne^th areas of erosion 3 given particle of 
maltcT tends to ri?e by an amouni which itpy i>e eanipuiett ffuin the 
hulk trrodtihis of titalcriii], anil similarly a fiartiefe tciuls to fall hC’* 
nenth fltv area of dejjosition. I f the depth to which the dastic phe* 
notUEam extend is as Kre:U afi iZ2 kdomclers and ihe bulk rnochllus 
h 500,000 kibgrarns [icr -witjiin* ceiitiructer icorrcsr»onding to 
granite) the rise or fall of a parricb near the sturtacc wdll lend to 
be at least t/^oih pan ns great as ihe thickness i>f ihe inaleiiat 
eroded or deposited. Thii^ is a change m> large as to have cotisid- 
crablc effiH!ls in modifying or magnifying the fictions which would 
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othcnvi&e cxrcur* Possibly ihls clnsitic chni^ipe h mucb larger tliafi 
tile estiiuaitf Jicrc i^iveii. Of coiir^c if iJic erosion Or deiiosiiion takes 
pUrc in a m\M area only^ ^uch cinf^ic rcajsoirse will be b^rgely in- 
hibUed by surrounding: rnateriat nn the load ha& not been ^li- 

reetly changed. Uut tnider large areas or mMior or dqwitioii such 
action must take place and ca^tcnii to 4leptlt5 ijossihly as gre;it as J22 
kilomtlers. 

Study nexr. tlie modifying effects, on the iilienomefia atroady pic¬ 
tured, of ehcmical changes winch arc probably prmtuced m the earth 
by changes of |pres 3 iire. The expression *"di™ical changes” is 
here used in the bnxnlest jKJssible seii-se, A relief of pressure at 
am- given [loint in flie earlli necessarily favors sndl chemical 
changes as are accompanied by tttcrease iti volnnic and retiucilou 
of density. Increase of pressure lends lo have the n:iEri;c effect. 
Such diangcs lend to reinforce and exlcfnl in itme the effecls just 
referred ut which may Iw cmnputerl from the bulk modtdus of das- 
ticily* It isL im|>ortant to esttmalc ^ui'h changes ue well a* possible 
from alt a^'iiibble evidence, such fur oxantplc as that furoishcd by 
clicmisU, by geulfjgi&ts, ami by such investigattons nf rock forioa- 
tion ^}k have licen tondueied at the gi^ophysieat hburatury in W'ash- 
inpton. I believe the possible effects of this kind will be found to 
be fio large a^i to he of priimrj* tm|:w>rlaHCe. 

Ivvidmire Ims acctiinubied during the iias^ few years which 
makes it reasonably cerlaiu that with inctease^l preifiiire, as at the 
great ilepthis in the earthy the rigtdjly ami the viscosity nf the 
material atar^ iieeesMrily liuTeai?^. TIub lend? to caust the viscous 
flow? to toke place n| higher levels th;in ihej oihvnvise w^ould. 
This slioidd he laketi iiUP acetmm , 

\W.xl n reexaniimitioii of the coneepucirL^ so far fonticd should 
be inmle to ascertain to what extent and how they w^iukl lie niodificd 
if one ftailed with sonse other reasunablc assumption to the limit¬ 
ing depth uf present iso£»tatic eom|K?nsatioTi or $onic other reason^ 
able aiS!fumptioii to the latv of dis-trlhutiou of llte compeiisaiion 
with regard to ikpth. 

Xext full and extcnsiive comparisons should made between 
the hyf)othctical phenomena on the une hamt pictured as m^tde 
up jTrimartly of viscotts Htjwst ii3*x1ilie<l by soiue eUistic cllecbr hu- 


HAYFORIV-THE EARTH 




3f>8 


URtcfl in hy of Inatl, moilKi^ cliangfrs oF 

tempcraitirc, njodifiecl by chemiciil ciiaiigiis inid hi tbc otimr wiiys, 
a 4 id on line: olher hand ibe fads of iht past as to Lhe bfihuvior of ihc 
<yirib rrcorikfl in tliti rocks and rirad by geologists and othei^ This 
comparison should be nsctl to lhe fIIlle5^ possible esicni to evaluate 
fchc relative huportance of llie various elements in the aotiens. 

In making this coritparison of ^^rion^ hyfiothelical phenomeRa 
u'iih the great aecmnuktccl of geok>gicaI facts it should be 

rccogniaced at once ihixi it is false logk m reason that if a given 
hypotliesis dues not account for aU the observed fact£ the hy^iothesis 
h nreessarily errnneoiui. On ihe cotsiTar)' il is * rue logic i« tlealing 
with such a problem a$ the earth seen ftoni a jihysical standi)oint 
to reason Lliat the more facts are accounted for hy a given hyjMuJjcsis 
the more cemtn it Is that said hyiviihe^Js is a statemeitt of n con¬ 
trolling clttnent in tlte CDni|>lcx phenomena and then to Study the 
facts which appear ncuiraU or confliaing, with reference to the 
hypothesis^ considering them as initfcatdrs of other elements of the 
plicnomctia which one ^hoiihl attempt to emlxidy in other supple- 
mcmaty hjT^thescs, 

I submit tlml in studying the earth it Is a mistake to think that 
there U any necessary confiict heiwcen the itlea dial the earth be- 
havc^ as an eln&tfc lioily and the i<lea that ii is yielding in a viscons 
nwuicr, A body may behave m both ways at once. The earth 
is protiably aciittg bfgcly as ao dasiic body umkr fimall forces 
which change rapidly and at the tame tisne is yieldiitg in a viscous 
manuei' to forces of brger Intensity which are applied in one sense 
continuously for long periods* 

Tlie object of Oik address will liavc l>een accompHshef! if it 
sirrves iti lime to aroiiw the imaginHlion ati[I interest of some one 
and to gnifle him to greater efFectiveness in attacking the prohleitis 
presented hy the canh as seen from tilt: geophysical stani||M)int. 

CoCLus y* E^r.ixtiSiixr^ MoptrltwaTiasr trsimasiTv 
EvaSstos, Iu_ 
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Afrii Jj. 1P15.J 
tsTBonucnoN, 

Agurtcns r<^<inr(rrii^ w;is tlfr^ribtrd hy Peck in iSSSi froni sped- 
mens growing' in ** grassy ground and |i^vcd gutters ai Astona* 
Lmtg fslajul. As to its hahiiat atid occurraice a ttiore spedlic states 
nient is made in 1^97, in tliat it “ grow^ in grassy groiun:! and even in 
cre\ 4 c« oF tuttised; ^lavements and ]javed guueK in dtieSp"^ from 
?t[ay TO Jul>v and h said !o be rare. Ii has been obsrr^'ed in the ciiy 
of Itbnca, N. \^. fnr a number ot years, where it is usually found 
prowiiiR in the parking lictwc«i ihc sidew^ks and street curbin^^ nr 
even tn the crevices uI sfone pavpil jiireet& and gtttterSi and also in 
gmsst' ground along the street railway or along walks on the border 
of groves. The material For this siiuly w'as collectefl tn Atigu&i, 
1914, along the Lihaca -trect railway and by the side of paths along 
the Umder of groves on the camims. In these places the rayceliuHi 
in spots \vk^ oi^cn very f^Utindanl so that liiinps of soil resembling a 
fine qindity of Spatrti were exposoij in iligging for the young stages. 
The young frtiii bodies eolircted were scattered on these eortk of 
inytrHiim, the niaicrial and condHinns ofFering very clear evidence 
of the normal devehipmcnt of the tiasidiixarps. The rruit trial way 
fined in ctimtii>'acriie tliiid and scetioncti m paraffin. 

The fi-^iiurei? of inieresl in the nion^hology nnil development of 
Afj<tricus rod Wirt wf which T have considered in the jmesent sttitly are 
as followTf: {t Mhe d«|j 1 cx character of die aimnlus, or ring, on the 
stenip anfl its significance; (il) ihe origin of The liyincnOfihore fuiwfci^ 

»N. Y State Miia. Nal- Hue, Krrri., 3fSr 
*N, V, State Mias- Xal. Hut. Krpf.i 4®+ tjy, 
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TncjTt; (3) the diiTweiitiatitm ttf parts in the jiriintirilbi 
lissuc; and (4) the itrigin and ilcvelDiirnuit nf the lamellae. The 
peculiar form ami position of the annulus on Lbe stem Jus sug¬ 
gested a rcseniblatiw to a volva, a striicliirc not adnittted iit the gams 
as now limited; white the subject of the origin and de¬ 
velopment of the lamella; has acquired new iiuacst in aU of tlie 
Agarlcat'e.'t since Ibe. accuracy of observations and the correctness of 
the AUlaneJits covering a period of more than a half a centmy, in 
regard to this topic, luvc r^cutly been called in question. Without 
funher ptelitninary retnarks vve- may proceed to an account of the 
present investigationt ami to a ccnisideTatioti of the varifnis mntters^ 
involved. 


t. Tilt IJUTLEJC As.Vt^LUS AKIJ (TS SrCNtlTCASCE. 

Thf .-JffHM/iir.—The annulus is sttiuted near the middle of the 
shirrt stem, or even near its lusc. It is usually very thick nc-vt the 
stem ;md is divided imo an upper ;uid lower limb by a deep marginal 
groove as is clearly seen in the pbolograpbfi reprmhierd in Plate I. 
In rbtisc esse# where the aimtilns u tienr the base of the stem. Peck 
was impressed by its snggcBtion of " the idea of a volva ’’ [f. *■,, 45), 
Before ibc expansion of iTit pilcus. while llw veil is still nltached to 
the stem and pi lews margin, a lonsiludtnal well on of the plant shows 
very clearly llul the tower limb of the annnUts lies on the outer 
(upper! side of the pllcus margin fsce Plate VII,, ujjpcr right hand 
and lower led liand ftfruj^i). The marginal veil is very thick nnd 
the ejdiiastJc gnvwth of ihc pileus margin crowds the latier into the 
veil tisstic and ngainst the stein, The ixjsitimi of the lower limb of 
the aunulws therefore corrcsiioiidi lo Uut of the vnlva limb of the 
Ammilus. 

'nw tilfltej rcprinioiled in the upper gronp of f’lHte VII., were col¬ 
lected on the Cornell University camjHJS, ihose in the upper group 
during August* 1^1 j. along a path in the edge of a small wood not 
far frenu the street ^ those m the lower group, July, 1013, along ihe 
street railway and parking hy Juist .Sveauc, In the expatideil iped- 
mens, the pi lews ranged from fi cm. to S cm. in diiiiuclcr. The 
plant* were smaller than Ihow represented in t'late Vln„ hm sinoc 
they were abun^btil aiul in all stages of development they present in 
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iit excellent waiy ihc diiTcmit dctfiib of the veil arnl ^innutus during- 
e.^}xinsioii of the plant, lliose rcprciscntcil in HLite VIll., v%'tre col- 
lecteiJ by Sir, \V<w1p June 28, 1915, tti the {larldtig Ixrtiveen the 
^ide^v'ulb itnd irtretrtp on Stew:irt Avenue* in frOTii 01 ihe Town anil 
Clo^vti tlnb, khnesp N, V. They ivcre very' rqbiisi jtpcdmciis, arid 
^liow the great distance Ijetwecn lUc and lower limb of Uie 

iiiitiiilu$. They Jire ne^produerd here real ^tsec. 

A thin outtT layer of the lower limb of the aimulus i5 eonlinnons 
below with the outer byar of the ateiii. and also vidtb a very thin 
^urlsce layer of ihe piletts. A^i the sleni elungaie.s at the time of 
the expsidsk>rk of the plant, this outer layer ot the stem bg^s behmd 
anti Is thus lorn mto irrcgiibr patches shown very dearly in the iwo 
ti[i])er left-hanti figtiret; of Plate VIL ITic edges uf thc 3 ^ ptitehc^ are 
fiXTiticntly warped away from the stenip thus shfnving n leridetic}' 10 
e3doliatiou. 'fln^ is especiaUy ntuxkcd in the case of the srurface 
layer of the stem ntitt tlic lower Unib of the annulus, nic: warping 
upward of I his layer, after it hew been severol from its izonnectioti 
hclow, often gives liie appearance of si double edge to the Jower lindi 
of the amtuluiit, as shown hi the lower right-hand igtiTe of Plate VIL, 
where the upfnrr fiitib of tile nruiulns has not yet broken aw^y from 
the pile us margin. 

The very thhj bycr cm the pileus which Is also euniiruions \dth 
a thin miter layrr of the lower limli of the aniiuliis often thows a 
tendency to exfaliiLiioii. This partrat exfoliation of ihe ilejn and 
piletis. snrfpTCe is clearly mA-riced where the ticiSicliocarps are some¬ 
what sohctl by eon tact watli luirlicles of earth, as they are likely to l>c 
fhiring the period of siditcrtanean gmwnh. 

The tmter portion of the lower hnih of the minulusp as well as 
the corTCSjjondlng tliin, and juirtblly exfolbLing surface layer of t!ic 
pileus and ^itm are derivcfl front the outer layer of the ltlemal(^ed. 
Hie blenmiogen layer, as ! have inicqjrctefl ii, b [fre&ent In the genus 
Agaricits as well as iti Afwnita. In ihe aptcies ot j-Ijnujiila tints far 
atudlod,* the htermitogat length is clearly separated from the pdeus 
by a dc!ai-(igc laycr^ arising from the gckilmiJEalion, Or other trind nf 
dismlc^tinn, «f the external layer of the pilcus pirimprdixiiii, ihns 

^Atliini^o, Geo, F., '"Tilt Devdl^>pm?nl i>i Amtoniivtfijiij ttfpnhifu/' .^Inir. 
A?yr^., ij, pJa. 17-iCv 1014^ 

MQC. AstiK. ritiL. (flC.. LIT. af9 u. pxi&nxi>?U£rt. t, igij. 
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giving ris« lo tlic tdcobk-tfip or ii niched volv*i+ Bm in the g^tius 
Agi:irkus^ no «tidi cleavage bycr h lomteih ant) the ^rbee of the 
pilct33 primordimn bcfomes consolidaxed ivirh ihc hlrinaiogeti byer 
which litre diics nut form a iriiv volva^ of ttlcctblfan^ 

'rtie Icjwer limb of ihc anrnilu^ oi rodmani is noi* there¬ 
fore, strictly homologoui with Uic A'ol'fc'a of tlie jn>L evtm 

incluiiing the rhiu bycr of the stem and pilcnu which tends 

to peel oflfi since it does not cotnprnM all of the bleiiiar%rcii 
nor is it separated from the pilens \yy a distinct deaviigc hyer, If it 
were lipuiolugonst with the vnlva of the then this ^-[Jccies 

would fc^ircsent a generic tyj>e rlhtiuct from Afi<irkus 
In fact other species of ^^^urxritj frwinetiily show a simitar coiidt- 
tioo of the annulus, n where the margin h "^gr^ioved/' dae to the 
in St I of the pikiLs niatgtn Inin the veil where the coutlitimts for the 
rohust devdopmtnit of the veii are favombk. In /f^prrirnj^ CiiHtjpfj- 
trii the smnulns frtqncnhy presents a gro^ntM:! mar gin, not only in 
Llic ease of euUivalcd forms, but more nirdy in the feral ^le, 
Thif <vnn1itTc?Ti i> well shown in l%i^ n and i:: of my article on 
A^nruiti fnlK/VfJ^^V/ In Fig. of \lm anietc the lower limb of 
the amsuliia has broken away frotii the outer surface of the inctirvei] 
pileu» tmirgin^ while the ujFf«n- ILmh is siill altnched to the eelge of 
the pileu?. In iS and 19 the upper limb h:ts also tiecoiuc freed 
f rom tile firleii^ margin ;^iid the grooved charaeLer tif the edge nf the 
anmiln^ is vvn- ilif^tinctly shown. In Fig* 15 of ihc aniclc, 
sectinni of ihe yoilng bn^diDcarps show very dearly the poiiitiiui nf 
the lower limb of the aitntiTus cxtetiiling over the (niter (upijer) 
side of the piictts nisirghi. Fig, to akn show.^ very dearly XhnX the 
annulus ai a wlirite i^ ripped off fmni the bwer part of llie 
iKTingan cx;igfeniTcd case of iltc stighi peding up of the thin surface 
layer of the stem rtioUinucd atwive m Agart^us rodmmL 'rhar the 

^Aikuas^, Ot£i. ^ "Ttie lMe[ii|rrnrfkt of antasii jiud A. 

tomwus, .iMi. /ixut. RifL, 1 , iiliL I, '2^ jjii4 

ArUiiKin> Crto, K,* “ Horaijiri)ty iij llic UjiIvcmJ Vrfl nt niffinifus!’ Mw. 
Ctntratb,, 5. pl«. i-x T'J1+ 

j\ 4 l«n«OTV. Ijeo, I*., '■ T 1 j« l>«ve|pptficn( of Uriata rhefiftilam, Uw. 

14 - pli tyl4. 

*Atkiii*otr. Oco F-. "The n«vclu(inK!nt Wr/uwit/ otmfrurttr Hof. 
Cal.. 41; pli 7 -lJ, 1006. 
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lower Hinh of th^ annulus in -J. mititoiif merely :i part of the 
itiarijinal veil ss clearly secu m die ^eclioticU plntU? shovm m the 
lower groups of Plate where ihe eonuccthig ffconiou hetivccn 
ihe IWD limbs i:^ cltatly fliffcrentSatefl trum the surface of the i^em 
with which it is in ccmlact, a sititatton very dilTcreiit from that ifl 
where the volva liaa. no siich rebtloii to the anntiliis. 

Cf^ntfwi^n of A^ri^u^ rodmani mih other Sp^cirs of Agoricus. 
—ITirs extensive peeling, or dpping tipwartl of the aimulus- frotn the 
lower ]>ati of the stem in Agmeiij campejuris hi the of the 

tttnre extensive, f. hroasler, vdl ntut annulus dum is duintcicrisik 
for Agarictir rodimni. Peck regards this species as inter mediate 
lictw-eeii Affarkus campesttis ^d A. re^eiiihliHg the former 

in sUe, shafK^ anH gciuml apjieurnncet die latter in die '^w^hjii^h 
primury cplof of the lanHillsc,” in the occasional yellowish duts of 
the pilcii!!^ anil ihe occasumii] ritUD^t imJet surface ol the annulu^^ 
The robnsi eharaeier of the nniinlns of n^dmnni and the 

thick fitih of the pficu? margin emveded hy cpuiasdc gjowih ag:ain5t 
the stem deepens and w^idctis ihe groove on the edge of the oruntluSv 
Thb, Usgethcr with the very ^^huii slenik in compariHcn with the 
longer stein of Atjariens campesfris tmd A. on-et$sis, b. 1 think, 
brgdy rotjjoujdlile for ciTtaiii Uiffcrence^ In the ctinroaer of the 
tiittler surface of tiic^ annulus in the diffcrenr sfKcics, In the spedcs 
vHlh the longer Htcm more stretching ol the stem occurs and the 
Finiiuhts (or vdl) is ripf^l upward Eroui a greater exiciu ^if the 
5 teni surface^ The nidiatcly grtnivcd clioractcr of !he under snrface 
of the annulus^ m certain spodes i-^f. orvensls Scluiltz, A^ otmiph- 
buthus Pfci* A. phcomyr^n A. Im morrhuiditrins Schuha)* or the 
coarsely floccose or scaly diameter in renain others ( 
subnifrseem i^k,, A. tinfjMSius Fr., or botli features cojitaincd in 
sotne) is largely due to the fact that this port of the amiulus is 
strippeil from the stem and then hrouchi under greater ictisiou than 
the ttpjicr surf nee as the expati^on ui the pik-U' stretches die veil 
ouiNViird. All things considered ^i^ertViff rerfwtimi is much more 
closely related to Agarktfs campestris than to any other of ilie 
j^fjecics. ft b verj' probably idcnttcal with Aghricus rompesiris var. 

*K. Y. Slate Mui. NaL HfiL Rrrl.p jS, 4 S. 1SS5. 
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fjulis ViiiJ I liave suggesfttnl * (Lyoo, 1903^ {k 

20)+ rxccllcni fibres ai thip v;irii;iy are given by V^ittadim (/. c., 
pi, 6) und by BresadoLi* (.|j1 54). 


IL OkifjiK rtr TrtK Hv^tErNomoKE Pfitw+jiuDirM 

Primordinm of th^ llie pnisioitlia of the ba^- 

(liocurps arc cllijitlait or oval in outline, atsd reacli ci iliamtiter of 
3 Jiim, or4 mm. liefort? tlicre h any luierrial evEflencc of a diffemubi' 
tion of The length h ii.Hii»lly ^mt^tvhM gpenter tfiaii the 

transverse ftknieter^ hi 9])eciimctis not so vvd! nourished diHerentiji- 
tion may begin be tore the pfimordia have feadicj ihh ibe. The 
firiniordium^ from the ske of ^ iiinu lit 4 mnn in dianicier, con$3$u 
of a honiogeurfjus ifiterladiig of staiu mycelial thrtTids with rather 
thick walls, hi |irTn>ord,ta 3 nim_ to 4 mm in. diameler the hypliac 
^ver^igG about 5^ to 7 ft lit thii:bn«"i^ occa^^innnlly irtomet- ones are 
seen which mcai^iire tip to 10^4. More slender threads are also iiiier- 
mingkih but utt are so indiscriinitiatcly IntrnAovtin that no 
structural dt/ferciiliatmn Js ifcrccpiUple. Iti smaller primordia tlic 
hyphx average m diasiietcf* In mcpst of the primordik exarsiined, 
the sections arc evenly stained tlirougliouc* liut m a few 3 tiarrow 
jtone a ^hort distance (noro die surface sfcaiiij^ miire deeply rbim the 
external and interrir^l liisue (Fig. j)* Thi^ ^ugge^ted the possi* 
hility of a differciitiatinri of an outer zone distinct from the bulk of 
the fruit Iwxiy* whkb is sometimes prc&ent Im com/prjrfrtj 

and which 1 have called the A ‘iimilar none is found in 

^mne of the haAiditH^rps after the origin, of the hymcnophtire funda¬ 
ment* Imi III the material wtiich f have ex^-uiitned it is lUe exeq^tintt 
rather than Ote mie, and I am itidSned to tlie Iwlici that it is due to 
Aoine can di lion which afTecti ihe mie of growth or her case of cer- 

f Vlltadinr« L"., ** Fmtglii itafi^cTecct/* 44* li^ 4 > 

* .<{ktn^<inp of .\iiicdpiii Miifhroaini^ Efiibk. 

FiiU^Hioic^ ele." lit edhlmv, I-V'U 76 |ible^ liltara. N Vh* 

ipoQ, idfiih ^ erfiUon, i-:uz. M plitci (aje h hhaca, R Y, 

leal. Irfriftj Krir Yafk iTity^ 1903. 

G., Futi^tbl Manijenrcd c Wlmcnlp'^ ia<;iy 
Atkhiion* F.^ " Tlss? Deyflr^iittirnl ff^aytfws onnr^fit nmj *■! 

Am, JJaL t, pU. 1 , x 1 ^ 14 . -Hcmwld^jy af tijc Uiii- 
vcfKal Veil in Agaric ns,^ Uyt. Cvnifalb^ ^ t^i^X pi*. I-3, 1914 
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tain indivi^limb^ A jiraioldem^* very likdy iircsvnt, hut it is iliffi- 
™u to ili^iingiii^li In pnniordia a suhterranrac nri^n bociittse 

nf the case with ivhkh the (.kllc^te [>rtneiW«u k rtrmoved while re- 
mo’i'inj? the soit aiid especially m the tumis afiil species of Ag^ff^iats 
witli a while pilcus, Itt tlwMv with o hrowu pikus, like Amridt^ 
dimfOsiris vat. huh^min of the ccntmitrdal spairvn grower^ the 
delicate, whuc proiohtmi is veiy diatinci. 

Ihffenrtjiuiiion Ojf it« hitcdu^l ..-Ijihii/ar 
dum ^'riK rlrsi eviilence of ioiensal drtTcriJtitiation h th(: appear¬ 
ance of an irilcmal auiiiihif Rtpne of new girswih tn the ttgteti of llie 
sttmller tuuJ of ihe oval fruit bcHty^ TJda c3Jl he outlied whli ad^ 
vamage hy nirans of KriaU longitudinal sectloiu, A median loogf* 
tOflinal section is shown in Fig- ^hile a “ tiitigentiJil " section, 
parallel w ilh the axis of the hstsidfocafiv hin ihmngh one t^ide of the 
atinubir sonc of nmv gi'otvih U sliouii in Fig. 4 Diagrams 1 
anil 2 (in the text) sltow how the sections were maikp Fig, 3 is 
irom The region 1 narked by the line x wliile Fig. 4 is from that 
marked by the lints i and 3 . Hie ilarker stivining ureas in Figs, 3 and 
4 rruirk she of (lit r,one of new growth. Tii the median 

” Thv ikUratt. fliJCLwe. tirttwai^ iiiirvcn;il t elL j^mtUblcui v.t* ob- 

lervcd k Fdrf on and » f** inlier atnf 

eallnd ly Ittm 1 tahunWer^l x^il, \'htiidtui ijxi Fwn;g, ‘Manfif.. H7i pi. 
hR iBj]!) rtfserihici anil figttrt!* ir in orinTur^iion with hU nl thr 
dcvHnpment of bit fj'quMtti Bill in lfli< hr to ttm*^ 

fute ihii^ ilt-Eiiraitr iittttrrnal tdl ipmltililvni p with wliat ht icrini ihi: 

Itt MvemJ ipi^t* of He Ills* iipjrtici the Uret vuh'a la ihe 

lower lExtili of the niEiitihiii in rwijuUtfus and in r4Aif^ 

ffe (b fn %4^) this drlicaie iniiiicrHal tvII fti i"jiiuLnVtjj h fer- 

fcLlly irmilar to itiof whiach <^n*lhTitr« the isil id ihc die 

•raly r^tttutiitjs like unatfaritt. cic Vittadinl itates (I, r, tj?) 

that Tratdiuiick ^daiciVed tKh delicate aniv^rsaT veil p.protoldcTiiJ oa 
W^orik-ut ^dAij (the ff^iM wliidi TfaiTtnnick deHiribc* Hf ,4 is 

•fiffereiu fmm A. eam^^ifru or hm t( *(ip«ari 

that ViftadrnT fnismtrrtitTtrd Trtltittittck^^ 4 iatirrviitr Tlie laltet in onfer 
to (>fvvettl vonfsiHun iin*^ shinutrl utruid f.. p- 7Jif tahiiut for die ctlfble one 
a muihtwoin ( 741 . whkli may hire aliC oalv the diKlite*i irate q( v mem* 
brine which ih youth eurcloiK* ftic entire mufhrorim, iTinhulint plleus and 
mmit ilowti TO thf roots *'Unt Vefwc#!lti1mT|im m vrrhnrMlpik hiUt tn^n 
•ich ftnll drf (Tti^iriintkc dltcn SchwAmm lu ncktutn " t 73 V^ "f d) der much 
iiuf die geriniiAtT Spur vou ctiicr WtdstbAtii Hmhcn die in (Jer Jugrnd 

dcti gimicti Sv-lsiiiLinin mit sauimt tlcn ^lomk und Hut ld« auf dfc 

vcilifillrt (M Dir reshm SchwaTumr. 
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longitiKtinal section two such are seen, symmetrically situated 
on citKer side of ilic long axis and some distance from the surface of 
the tmit body. The aiitmbr zone Is of unite limited extent as the 





I Uttral vhv tfatoiittb yminR Irtil.Iiociint reipirwraivis eartj 
iisB* of dilfeieotution into tlie |irhiiQrdia uf the four [frincipsl tiart*r rilttn 
artst flem ana, byn]cn.-.[ihrire foitdatncnt iHy ) anj veil tprtrmjrdbitti (K P,). 

DfAo^AM J. Xenitb lieif in iMiidtoearp at same itiiBC of 

linidameme. am! vinttliiT l]ymnLi|tlior<! pHnmrdiimi. Sec icit for dmils. 

small area proscritetl by its trausoction In ng. 3 shows. The omlirie 
of this area m iransoctbii is sotnewliat elongated and rises at an 
nhth|ue angle from the stem area, well shoun in Fig. 3 ami twU- 
Ciiied in dingmm i. The area of the primorditd liymciinphorc seen 
in the tangential section is nmdi mare ettensive as shown in Fig, 4. 
The difference in the extent of these areas shown in mc^lian (Fig. 3) 
and tangential (Fig, 4) section? is dearly apprecialcd by reference 
to 2 . 


StractHre t,f thf Voovg %nicflo/'/forr PrJiFfordimB._-nvls inter- 
iial atinuljir zone of new growth arises hy ihe ortdn of tjumer-ma. 
slcntlcr hyphal hranches, rich in proloplasni, which jut directed 
downward, or otiHijudy .Joivnward am] ouiwarfl. They have a 
nmre direct courw than the Jtypkie of the basidiocarp priiiiorrlium 
the latter irregularly sinnous and interwoven, wliiie the hvrdtue of 
the young hytncnopfmre pn'inordiiim are nearly or quile sttatgitl. 
Became of their small dbuictcr ami their slender, grailuatty taper- 
log endit. the)- easily crowd tlieir way throuKh the milicr open weft 
of byplue forming the ground tissue or fundamental plecteiuhyma 
F.ff. cj ,s a bfihly magnified view o( the hymehuphore primordtum 
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sliown irt the section represented in Fig, 3, from the rightdiaiid area. 
’Hie ^Jnrk area in T'ig. 9 Mjtrcients the mass of deeply stained hyphse 
of the new growtli wnt, Beranse of the comiaclnes^ of the dssuc, 
very UlUc detail is shown, liul alot^ the middle {lortion of tlie 
fignre between dw ligUlcr, open mesh of the grooncl lisspe 
and to Uw Tight, and the tlarlt area of dte hynienuphorc primordiunj 
above and to the left, fl Qiwnher of hyph® in advance of the others 
.ire slwwii extending Into the loose mesh of the grmmd tisstit 
Ihese Bte nearly laralkl and their cstteniiiies arc more or less dis- 
hint, because they are in advance of the greater nnniher of new 
liraiiche$ present in the ninrc deeply staining area. No aiitmlar gill 

cqvity is pr^t^citL at this time, 

IniTcasc of Primifrdiiutt. Tlic 

^ravvtU atid further org^inizatioTi of llie liirtui^oplionr prinwrdium 
ift rtsidily studied by the a»l flf simiUr serial sections of sncccssiTcly 
older stages of tJ^c liasidiocaqi^- Sections of sncli stages are repre- 



DiAca4M 3, view ThrcmifH liaiTiileteiirp at 4 

ri:igc of i!e¥^|p(iiisCTii ihai'k m l. — liVTtscnaiihtJre! A C- 

44itioJar oivitjr: F P, — veil iirimtudiunL. 

DlAfiiLtu 4. y.CTthh view in young tMiidfocarp at &itnc fU^e ol 

dcvclottmcnt. See *cT£t for deiaib, 

jsentcfl m Figs- 5-^ m<\ Dlairraiiw ami 4 bnlicaic how the 

sections were made- From the cooditton show in higiit ,1. 4 9* 

there is a rapid increase iu the nuiiiber of hyph;e in the wine of new 
gr^iWlhi es^triidiTig in the same direction, i. c-, downward nnd ob- 
lifpiely mm™’il. During ihe increase in nimdicr Lhe hyphae become 
rmirc crowded* are ^traighier and lie mnre nearly paralteh Tlie 
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upper (jvtier iJtirtioii of tin* new lOUe of growth, f. e., thi- fiymeno- 
pliorc prioiordiiinT. represents ttic early stage of the organs rat ion of 
the pileus margin: in other words, ihc annular iiilernal ionc of new 
growth is to be ituerjjrttcd as the young iiriraordimn of hymeno* 
pliore aiiff piletts in.ir|pn, the biter melndiiiE (he area ftom wliirh 
the new hyphal branches arise as wdl as the basal area of ihese 
hnuiches. Nut only is there imersUlial gmwtli hi the increase of 
these hyphal hrandits. the new ones crowding fn hetwccti the older 
ones forming a more foiupaet zone, hni there is also a centrifugal 
increase in the peripherj- of the annular soite. The centrifugal 

growth of the lulius margin and iiyinetiophore primordiiroi is vm 
izkiirajclerinlic. 

The posiiton and direction of the hyphi of tfie voirag liymcntH 
phore primordiutu. as well as the increasing dcnsitr'of thi- area b 
welt Biioivu hi Figs. 10-1& The ^em axis of at! the rigurea' is 
fiarallel with the long axis of the Plate. Several of tlii« figures 
are behty modified views of the hymenophore priutordinm sho™ 
ni Igs. y/: Figs, to and (5 being highly magrtifietl views 01 the 
hymenoplu-re uf Figs. 5 atnl ^ while Figs, ra and id are highJr mag- 
mfipl views of that in Figs, y and 8 . Figs, to to ,4 are fnTm 

median lomruudmal seciions of tlie basidiocaTps. Hg. 10 h fro,» 
the ngludLind ride of the stem axis. f. e., th^. rtem awis i, pu the left. 
Fip. II 14 are from the Iclt-hand ride of the stem axia. ilu- stem 
axis herefore lieing on the righldiand uf jhc fig«r«. ih^ invreas- 
mg density of the dement, of the young bymenophore is progre^ 
stvdy riiown m Figs. .0 to ij. With the increasing denrit? the 
ctOs of the fiyphK reudi more and more lu the simc level md 

- 

Origin of the denial ^»«,dor Gift Cari,y.-A „riking feaiur 

,n ,J1 ll.» „di.l „■ * "" 

TO.» .. romrkJ,lr Fisi „ n,. , 

hynictiopliore primordium e.xtends for a considi-rah!*. H * ’.1 ^ 

a™.,,,! ,h. „,«« „i ,h, a™ 

young annular livnienopliorc roiic is the r . ‘be 

.f.hey,e„ r. 
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the hypliie in the hymenoplipre, urnwiliii^ in tJie 

ntdcT (MIL'S, ^ well Jis ihdr increase in diameter, prodnees a fjreait 
pressure in ihh region. M a reswli of this inerensing pressure 
\ritKrn the arch a •iimfig tcnsicni is exerted on the ground tissue 
below anti adjacctit to the ardi. The ijronnd tissue at this point 
is thu> Totn apartN formbig a disLinct opening, ot cavil}', beneath 
tile young hymenophore, whidi known as the antiular gill cavity. 
The cmninuit}- a goicmh annubir, iniermil eavky can easily lie 
deternilrtCLt by serial longitudinal s^xtions through the young fruit 
knly, the seetiDn!! being made as inOiiratcd In diagranis 3 and 4+ ^he 
knife travelling ihrough ihe liasitliocarp in the dlrtciiots indicated 
hy the Une^ i* 3, As the knife the region matked by the 

Ime Uic seciion^ will show a singk envily dongriteil transversely 
as shtiwii in fiaiid % 15 and [6. As ibc knife p*'tAs^e$ into the 
stem aren the serf inns trill shotr two cnTities situaletl symmetrically 
ai ill Figs. 5 and 7 (Or as in dingrarns 3 aiid 4 l 1 “hcti as the knife 
paitiscs otrt of the siesn area* into the regioti widicntod by the Hue 3, 
I tie $ectiou!s will ngiiin ih^w a single ravity elongated tr-msversdy. 

I'he anntdar gill cavity** varieg in strength in different indi- 
viduaJ:S and jii different stages of development, iknuetimcs it is 
very wcak% at nihcr times it i* ijiihe rfrortg. The ic^mng aj>art of 
ihe ground tissue often leaves it with rpiite an npcti inesh^ and the 
fiurfatie next the gill cavity is tnore or less trajE^lctl Ttic gill cavity 
is stronger ticsi the stem where ihe hymenojiliore m older, and h 
weaker low^ard the tnargm. Where the cavity h weak, iKitaird 
threads ur irrcgidrir siranda of the gmund tisane are nor completely 
tom iiway from the hymcno|jlioric., and Ihe cnvhy h thus often tra- 
vcTficd hy Liggiitg elciiHmrs of the grotmd At a kiicr aUge^ 

afler ihc iirigin of the kitiellie* the atmuW cavity in some indi- 

r® In a rtrcul tmirfr, B(n;r dc«!tiTun|f ihc iplU in C^prinuj 
Irvine ("The liriinn an^l Di:vLi|opin?ut lUt i«4tnj^tlst in rnku^^mt** 

Am Jifur. flot.^ I, pit, ^¥1 40, UJU}. otakei ibt Matrtncnt iji. J1S!> 

ihnt ^^Ulcrc na gmer^l idll cavitv » rfr^titicd by Uofftnann, 
Atkinfun, and oificrs-^' Since rfelkuy ('* Mori'hokiffEc imd PhjrBiolo^jic dcr 
Piljcc, Fleclucit sTtiil Myifflin^cetm.'* h tfw crtily pmoH hiiliertD wJin 

luti nnnoimecfil prc^rnct of * Heilettil AiniHlar ^jlll cavity in 

tbri itntemmi by Irvine ciais ot|]y be ititcryrctcil a generiil 
denial of ihc ^rcfcmee o( m. i^cncra^E flunnlar gUI cflviiy in ibr* FEK^cset in whicti 
ir tin* thu* far bcirn ilescntscd. b mther raih «iAlirrncnt i*likh wilt be rc- 
terrrfl to nitaiti in tile ti» origin of ihe Isiinribe- 
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Yi(liial& iiuy twcomc nearly or quite elascd bj tile iwenjas* in the 
eieitic»t 5 of this ^und tissue, wliich fonus a jHirtfan of (fie mar- 
giunl veil, Imt chidfy tiy the epinaslic grtpwtli of the piteas margin 
which crowds this ground tissue kqi against the margia of tile km- 
cllie, as shown tn Figs. 32-^, 


OnfamsatioH «/ the PatUatlr Lii.vir.—Tilt level palisade layer of 
the htmienoiihore follows the primurdial stage, inmictliately after 
the latter stage has become dense anil compact hy the increase jii 
number and lldckuess of the (lamlkl hvphal dements. The grow- 
ing conqKicIness of (fae iirtmordial hymenophore zoile is accoiit- 
paniet) by the evening up of the hyphal ends into a plmjc surfiice. 
As the ends of the hyph» bmaJen the free surface of the bmeno- 
phorc liecomcs compact and smooth, or ocn. This is the Icvd 
palisade stage of the hymenophore. It is a not ahruiK. 

trattoitlon from the priniordisd stage, ft [legins next the stem, or 
m many cases on the outer surfarc of the upper pan of the stem 
fimdameirt as shown in Fig. la. Here the palisade area. In radial 
aecliDu, rises upward at a strong oblique angle from the axis of the 
Stem, and then grades into ibe fmmordbl area toward the left 
The palisade area pnjgress«. like the primordial area and the pileos 
margin, m a centrifugal direction, the older ijoition Iving nest to. or 
on the upper part of the stem fundament. 


The level iralisade layer of the liymctiojihore. preceding the ori¬ 
gin of (he Limellw, was first descrilHid hy Hoffmann'* in ifttki, 
ami 1861, in about a dojren spisiics (see the later paragraph on the 
ongm of the lamella: for a Jist of .species). DeEary*'* (1850 n 
3 iH) describctl the iralmde layer of ,he ymmg hymenophore iii‘ 
Afyr/afu ortcrop/m™ and poranf/m, as having radial folds from Ir 
iVH<,iraun.m, J1.. -'Di. PolH.iarier, ™rt Sperm.ilci von Atari™ - S^, 

:sr-Piir;.i, isr, zz7T\ 

■‘'I 

Kl». K,™.-™, tSl' 

"“1 r««». a,cro.rai ...u liMim. - oxi“rt! iSs: " " 
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earliest appcaraxicc- But as iJlb Interpretation was sfiown Uy HofiE- 
fuat] (iR6o* p. 4tia) to be wrong, tlcBarj*'* (i8li6, p. 63; iJEtii;, p. 3IS, 
3ta: 1887, p. 55, 28^) studkil a iniinber of other forms -md agreed 
with MofTmati l1i;il; the earliest stage of Llie young palisade hymeno- 
phorc w^l^ IcreU smooth, 

iU. TkK Dll^TEHE?tnATmN* l\r PAiT^ IX THE PftTiJOltmAL GttOL^rtl 

Tissue, 

There are four principal parts of the fniit body which are dif¬ 
ferent bted in the gnatmd tissue of the basidlocarp prinjordium. the 
fty well of/tore* f*ilnts^ st^m and rri/- The primary diHerciiibition tn 
the i^nxand tissue of A^itrims mrftnam is the origiTi of the hymeno- 
phure priinordiiim. As described above this arises as an rnicmal 
anpttibr stone of now growth, a little above the TTilddle of the small 
ovaJ primonlial hasidiocarp. 1| coimists of tiumcroua hyphat 
branches which extend doivnward and obtiqucly Qutwar(!i TItese 
new^ hypha? arc nearly or nuiit parullch are at Jirsl slender aad taper 
verj' gradimlly to the free end. ITiis form assisis iliiun in ttiaklng 
their m\y tlirough ihe mesh of the groiuid tiissue. They are rich in 
proEoplasnu Txjcomc compact til hy increase in number and tliametcr* 
and ihiK in eccdortSp take on a deq> color when Alains are apfdicd 
(see Mgs. The origin of this iincnini hynienUEihare ^one 

differentiates ai once the stem ami pilous areas, or fim^lnttieiiis, but 
the org;inix:iCiciii of the stciti nmi pileus occurs later. 

In the early origin of Uie primfirilial hynienophore rone, Agutkits 
iEgrecs with Aguricus fampestrL^* as presented lu a study 
of tile cotnrticrcsal varieties, ifiiL£>itii Jtnd 6 n/iri^ixni^ In tliat paper I 
poiiTted ntu that we Ahnuld not necicssarily expect ihe first evidence 
of djfferctniaiiiiii to be the appeamnee of the hymaiophorc primor^ 
diiim in plants not yet studietl iliough it is probable that at feast 
feome of iltc other sfiedejt of Agttrkiu {Pjealtioiis} may &how the 
^ame [>ccidiarity. *rhifr ^!i^ggest^QlI is justified by the situation, in 
rprfrrmn/. *rhc Aanie situation exists m Armillark mAkay 

Atkinion. Gd*. F\^ ’^The f.icvdopnient of *’fj?iinrrn j&sf, 

Utuvemi Veit" ill C^nlndb,^ a* Ij-ty fjtf, l-j. lgl4- 

4»: :^1--764h Jjlr l^. 

itATkiiison, Geo 1%^ '^TTic Pnelaprrtnit of 
Critffmlfr., 4‘ lljhl^t, p1?t I, 1?, 1014 
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!n the sperfiiwus ni /fiHini-uj trfTriijis^- t|,p l,T4-giiig jj^hind 

of the RTQUnJ tissue bdow th<! ajrle where the hymeufipbort primor- 
•h'uiii arise* fKcttrj before -tny rlilfereutbtiQn of lius tone « ilis- 
tiR^iisluhle, for o light area with it looser rnwh occurs in an an¬ 
nular wnc which tnariis the distinction Intiwecn if,e stou and pilcus 
areas* Or iltc lagging behind of t!ic ground tissue may occur simul- 
tancoitily with ifcr appearturce of the primor.li;ii hynimophure jone 
and the outUnc of ihe pikus area. In a niutilter of fomis studied 
by l*Xvod'» the priniordium of the pilois is organited. in the apex 
of the young homogeneous basidiocan». a new tone of gTowili in 
the form of an inverted l^^vl shoun by darker staining of 'the 
hyph* rich in protopbs.u. forming a pjlens protlodng layer 
t couche pileogtine-). n.i* mcihoH nf differentiation he accept, 
^ a genenj Jaw for the Asarieexe, Ihe tmly cotceptio,, admllted by 
him l^mg the coriaceous forms of rodinon,. 

tlw commercial varieties of .^hjtinruj camprj/r/j (cottiHifm and 
a aska) and Afropfinrui aml^ua (Peckj Zeller,*- also form execn- 
Huns ^ tins rule. The jirimordiim, of the pikus in these forms 
be regaled as diffuse within tJie up^^r of the vonng 
W liocarp. the .lurerentiatm., and nTganiz,.,iou of the pileu; mar 
^n Uc-gmnn^j m conpmetion wi.h i|,c oigaoization of the primordial 
Xnienophore ^onc, though in Xtro/dairfa the inverted bowb 

Sloped ,o,ie of new growth in the upj«r par, of the pitcus a,ea i* 
aocn orgamacd,*" OtJier fnnns recently irrvesligated which ennfom. 
to the general hiw Juisi Jo^vn hv Favnd ara* ' - 

by Beer. Lff^tola^^ dyfffftarm am! AmajiiiorstJ rvgimta,** 

**Aikittii!)n, Geo. F., “TLe l:}tii'e]i>LTt>«^T >r j 
rtwiM/wr," jttif. Jf-Hr Hot 1 v>i. JTT ^ •J^viou and A. 

■Uoiversal Vdriu.rfjj(»ifM-HoinolotO' ol ihr 

"Fajihl, V., *• PrrMlriimr il’,tn„ hwioirt latafel!^ h 

if*. Xat ff<u„ VTI.. 0, ^ j ABStlcnii ci.- Aittt. 

^ ... 
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Or^unirijriim oi the PUfus.^Tht oi^gnination of the p]i£!ii^ l>c- 
giiii in CQimci!tiri3i ivith tile priUiorUial hytiuaiopliorc mm;, "fhe 
w[jj«!r prt Ilf thh tofie t5 vety pruhably to i^arded as the primDr- 
diuni ot the pileiis margun vihleh thcti incrcas^^s by ceritrifitgal 
growth. IL ia n larked from an early ptTiod by strong epinasu^ 
growth, so the titargin tictonius strikittgly iwvolute, a feature also 
charactcriitic of A^ftrioi^ A. nrf cnsis,^ A, tiofuiuhs, 

eir„. as 1 have earlier describuii Tlie genemt relntinn of the hypti^ 
in the pritnordium of the pileus margin is a prailis) oxx^^ and they 
breottw! more and more sirojigly hienrved .15 .1 resnlt of ^pinasty. 
As the pilcus prijnurdiiMn increases So widiJi by marginal grr^wth* it 
also tnerda-ie^ in ihickness, more [jcrecpltidy so farther Ijtick from 
the inargin where ihe new growth h ohler. In ihis way the organi- 
zattrm of the pitctis advances mnne amd nmre imo the <mtcr zone of 
the ground tissue- the bleniatogen.and betctties consoliUateeJ with it,*^ 
0 / the Stem .—The ^tcui area h iJelinni^^d at the 
same lime 4^1 the pilctis area by the origin nf (he young hynienopliorc 
zone, but its organniiatiDn and diffcreriliatSnn from llie grouiiU tissue 
seems in bg behind the i^tly stages of the orgaiiizatJoti of the pilen^ 
margin. While a general outl mure or less diffuse grorith and ex- 
Itansion Ocenn^ for smne time in the sictn areii, the tlrsL evidence of a 
differcndation from the gmimd tlisuc h acen in the organizalion 
of the stem Mtrfaee. The outline of the stem may be coTtipaned 10 
i!mi of a brnatlk flftt cotiCi since the stem at first is verj' shon ami 

'* Alkmton, tien. !■.+ "* T'hr Dcvel»|3Fncfit oi twiyfpfffra/' Atm, 

Af [lU 17^1 ij, igt4 

Atkinjuii, tj«:i K., “The ise^elinwriit of fiim/'titrh/' 

44 ; ^dts. loc 6 {set fijuiTiM ii oniJ ij)^ 

** AtkiDfc>ii 4 ** Tisc f^cvriopincni pi and -"fi, 

■' Am- Ritt, 1; i-jA pU ip 2 , igio- 

In rar. rifiifij. Vitiadid C Fine %Um r +4. pi. 

4 &- T. t8j|) m M. nvn\ fruii b^y, ficum oiiit t!e.^]bei ibi oluIihc 

of ihe pileuf ^vi lbm a si out Tolva, and statei lhatt ilnrinn i !ir cemr^ of 
ihrvelnpttiecit, tSie Tolvii ia rupniprit ciTctiinrlyi and itie margin of the yilttri 
a* iL tdicrpe^j ia fi^ld for a tlmt ag^iml the item by ibc lower limb of ihc 
almnteic Hli afeoniit of die relraie of ilia vnlei (UleuvUi^gen) 
the pitctis doet not teein clnr. iiml his dn ttot iliniiv ihe iraniihioii 

rtagt fmm a to 6 tn li^fore 1 of hia Pijitc Vt Tli W^irirni r 4 iifHPuiit tiur m 
aoji other i.|>ceiei dI /f^TrirMr iPMUwia) imve 1 ever tcim an^ mdicanan of 
the elejir ait nuttiju; of the pihtH inrlaec as dtitiirct fronj the bicnmiogen, 
such as Vliloditif iliows at u, fig t- 
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hrond, and tlic? surface slaves outward nt a slrtmg^ angle. The sur¬ 
face ottilliic of ihc sictii h <|utte clearly difterentfaiL'd frotu the 
loose ^ramil tissue Fomiitig the luartunal because of ihc dnieper 
:9tajmng itronerty of the stem shown in longinulinaJ sections (Fig. 
J2K Its diCerentbtiot] amj orgaflutation agrem endrele wJih that 
ilescnbcd for Atjatitus .-f^^nnVirs airrnnj and 

€omUihis^'^ 


Organhtiiwu of the Marginai rifit —Tlic orgauiMtiim and liroltj 
of the imtgiiial vdh or p^nfeJ vdl* as it ij soiiictinrcs calletl, in 
Agaticjts unvwj/j, A. romtuluj and J, cuut/rjtrfj. hna very 
fully ilistusseil b prtA'Ious pjijwrj^* f ^ 914 ). brieSy in an 

othcr^Vfiy, igi4J, Its organkaijon and coittposition in .-JiwrffHj 
mhKaai is in the main simnar, its differmi feniures being due to 
its more rohiisi dmmetcr. the stoiuer iiileus and shorter stent. 
The fumbment of the tnargitial veil fa ground tissue in the angle 
l>ctvvwn the primordialIiymraoj,here rout and the ateni fundament, 
indudtng oil its miter surface a narrow Htiioo of the blctuatagen 
layer. Ihc ground tissue iij this angle is tnilicated in (T (veil 
nrinmrdium) in diagram 3, and the mneitwndiug areas in Figs 3 
5* 7.9-14 can reidily be utnlerslomh There Ts considerable incxci^' 
«i this ground tiisiie by growth of the poriion clothing the stem 
fumbment. It is also addef to by gtowth of ihc hypbc'ai the 
nKiTgin of the pileus. Tlir mass of the loose inner su/fset is nftcu 
crowded up agaiiiat tlw «lg« of the gills by the mvoTute luatgi,, of 
thi! lukit^ ]juslitng it uimunf. .ba to eiiiiiastic groiMh. 

In such nabnsT specimens t«..ally pn-emed by Agmr^^s rodMuni 
the bkmatogeti byer is cumi«mtin:]y ihkk hut still funtts a coiiH 
paratively tmall ]ioHi(in of the margimii veil, mid lie# on the outer 
under surface of the Wer limb of lT,c cumulus: iiv the liicurving 
ut the thick margin ot the plbu* it. cnJgc is cruw.kd into (he thi^ 
ved, and press^ agaitm the ctcii., tints sepatatit^ ilw ,^i|. 
bier becomes the animlu^ into ::,i upper and bwrr liuili, .\s slmcd 
alMJVC, ttie lacl that the short rlem clotig^tes hai liitb b comparism, 

ri-rtUMbi," ^fin. fpur. /Icf„ I. i4 ’ , ? , 4nd A. 

**AtkiH«n. tk«. F.. I 11 - ^ 
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witli iJtril of .‘J^jnVuj c<lmf'CstTis, am’ns:s, and a: ntitnber of other 
spiitic?, the veil 1 :$ ti£otiii.lly iioL ripped up from ilie lower part of the 
stem as ii f? m tile other ijiedct. A ihin layer on the neni lieltnv 
the atiniiliii is often cracked into distinct areas or patches, the mnr- 
gins pf the areas sometimes partially exfoliated. The partial 
exfoliation of the tmder part of ilu- lower limh of the annuliis fee- 
iiuenlly onrtirs, and Iheti the lower limli itfdf has a doilhtc edge as 
< 1 rscnb(;<i a!>ove, and as shown in several of ihe fignnes of Plate 1. 
In .dfirartfiw ciimpcsfrts, am^sis, augusttis, jof^riJ/cjfrn4, ffoco- 
myccj, and others* the freeing of the lower part of the annulus 
fruni the nv.m is very extensti'c. since as the stem elongates the 
veil is rijFpcd ofT for a consiikrahlc distance. In Affaricits r^dmatti, 
as the pilens expands, the lower limh of the veil clings to the sieiii, 
splitting off from ihc outer surface td tlie pilcus margin as the latter 
is with I Ira wn. The inner or upper limh of llie veil remains at¬ 
tached Ip the edge of the pileus margin for a longer timcj btit is 
eventually sepanitml, 

TV. OKrci.v Asri JJuvEtjoi-ME.ST of mit Liimuj!. 

Iff tltf itill Aaficfitj'.— l"he dcYcloptnent of the hymeno- 
]diorc is progressivit and centrifugal. M dcBcrlbed in the preriotis 
section, the primordial liymrnnpIijorL'' zone origituues in Coujunctimt 
with Ihe priniordium of llw pilcu* margin mnl tics in the angle sep¬ 
arating the aictn and piieus areas. The <irgimiz,Tttnii of the level 
palisade Konc qf the Iiyfiicnophore ftoin the priutordLiJ stage, logins 
in the older region, i. e.. next the stem. The margin of the pikns. 
ptiniordiitJ hyiitcnnphure and [palisade zone all projjrcss by growth 
til a ciujinfngal direction, the younger, later stages snccetHliiig Llie 
earlier. The lamella; succeed the level palisade zone and arise its 
dcnvntvitrd growing salients of the wmc. These s.-ilicn(s begin 
next Ihc (or in some cases on itV rhey arc r^ularly spaced 
UTid jirngress in n radiitl, centrifugal direction Tlic origin of the 
salients frotii the level poJJsade stage ii well ^hown in Fig$. 17-21. 

In bigs, iS and 2t>, differvut stages in the origin of the sulicnts 
are sliown, Tlirec gill salients arc seen in Fig. 20. A[ ihc left 
side of Fig, is the level fttdisadc. Next it to the right is a very 
low salient- Ccmtuming to read towarri the right, the second ami 
third salients are successively stmuger. While the hyphat stnic- 
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hue is not very distinaly shown tn in tiiis figure* due lo the difficulty 
of illujumatiGii ivliich wili ftruduee on the iihotoj^pliic (date the 
same degree of rcsottuion wiiicli con be detected by ihe eve, still 
the palisade dtamcier is evident, A simihr situatiem is seen in 
Fig. 1 &, but tlie proBrcssiori in the origin and growth of ihe salient* 
is to be road frmn righi to left, A wMiicwliat later stage is shown 
ill Ftg. Hifc llic hyplal stmcinne is well shoivn, Tlic palisade 
character of the cx|Toscd surface of iJie liymcuopUore is vm- clearly 
shot™. This figure gives us some misgcstlon of the factors operat- 
ing in the fori nation of the gill sfltents. The eleriicnts of the pali' 
saile bycr immeagt by interstitial growth. L .*.* by new branches 
which crowd in betvvcen the older oniis, Ai the sanne time the elon* 


gale ccEs composing the jjatisade layer increase in iHanicicr. lif 
the primordial stage they (mssed from the terete tapering con^Mtion 
to the cyUndrtca! fotrni. Now they pass fmin the cyliinHoil lo 
the chivatc form, as well as increasing somewhnt tn diameter 
throughout. Tliis prcKlnets a great pressure on the level palisade 
*one, which tf cimtinued, tmtst result in throwing Dig jgvg] iia]jvatk 
bvw into folds. 1 « 

Another factor now eomw iinu phy which (irevcnts the ptisade 
layer from I wing throwat into a series of irregular folds. Tlib is Ute 
iloM-nwiird growth, hy ck^g^itinn, of the subudiacetit immal hyplm. 
ailing regnbfty !>p.ace[t rail in t areas, begiiniitig ^^e^{t ihc stem and 
pnaauHling lu a ccijtriiugal dirgctinii toward ,he niargm ot the 
jilleuis. TIwm rndinl urcij* nf subadjacent traiiial Ivy pine, donga ting 
downwards, push the imlisadc area dmvnwanl huo ccFTrcspondine 
radial salients, Tliesc sabenu arc the first evidence oF folds or 
riiigcs which ap|)ear in ii« yvumg hymeimphorc. They are the 
gill saliejit*. and liy enntimted growth form ihe lamdlas Uieriwlves, 

Fig, 19 presents another very Interestiiig siiuntioti. I'his is the 
flaring or fantailiug, of dig gill saiicui soon after their enier- 
genet Mow the levd of the general palisade surFogc. This is verv 
cl«rly' one of the firj« rttsuhs of the release from the pressure t;i 

Ano her , ill more mtoesimg feature at this stage F, the pressure 
10 wtiich the nniiral portion of the level paltsatle is subiected 
r««l. »! Ibi. »f ,h, stll The Haul,-, ,hc y„u„i 




UEVO.OPSi£ENT OF Aa^HlCDS RODMANl. 


327 


pll salients thus crowd agnmst the inlervcuinp neutnl p,iHs3de cells, 
more siroitgly ngttitist tlieir free ends. This presses these iiUcreenitig, 
neutral, radktJngarcsas of the ordinal level paltsarle into tile form of 
ridges ivhich thus alternate with the radiating gill salients. Hiese in¬ 
tervening Hflges between the young gill salients are very eonspicnous 
in n ecMTvsfioinlhtg stag< of gill tlcvcloptiieta in Co/>rinwr »itVar«itJas 
I Iwvc shuwTi In another jtaper. This situation is a conrparatively 
old stage in the development of the lamcllie and ts one of llie peculiar 
features presented hy a nitmlief of Ihc Agancocese, which led Levine'* 
to mislake these intervening ridges hetween com^iarativcly old gill 
sahettts for the first liilgcs to ,'ippcar in the hymenDphure primordiunt 
of CeprfmM irnVnrmj. These ridges he thought were the first evi- 
<lcncc uf the gills: The |pUs were descrilietl as arising from the split¬ 
ting of these first ridges and the union of approximate halves of ad¬ 
jacent ridges to form the gills between ihcnts This ouilter ivill Tjc 
referred to below whcti another peruUar ^'tuation is descrilMtl whi ch 
also assisted m Leaihug this author astray. 

Iietatio 7 * of thf Diffittfut Phastf-oj I{yt»ef\ophore Dniflopment 
in tht I'oRif^ fioj/rfiofurp.—Figs, represent different phases 

of the organization and development of the hymenuphore in a single 
bftstdlocitrp, iliuitig an intermediate stag* of its ilevelopment. The 
relation of these different phases ia dciemiincd by a study uf lungi- 
fudtnal serial sections |■^s.slng from near Uic stem to the maigin of 
the pi lens. With the exception of Fig, 2t>, Figs. 17-23 are alt from 
the same plant, scleacd to fepreaeai the relation of diffcrcni phases 
of the young byinenophtire. The sections from which the phuto- 
gmpbs were taken were ftarallcl with the axis of the stem, and thus 
were nearly or quite [teqtendtcular to the hymenophore^ or under 
surface of llie pileus. The general plane of the hyttienophnre, or 
under surface of the piJeuo, is sligiilly arched, but for all practical 
ptirjjosc!); of this study, the plane is (lerpendicubr to the stem axis, 
an that the sections are fierpctidicubr to the general hymcnophorc 
surface, or |danc. Fig, 17 is from a seettoQ near the stem, cor¬ 
responding to line 4 in diagram $ (diagram 6 is intended to illustrate 
the situation presented hy the figures in T'bite 5, Wat serves to illus- 

M, “The Origin ami t»cvc1i»pm«ii( of ilie Umr.liz in Cup- 
rfevj mUoftmt,'' Am. /evr. Hot.. », 343.-jS<l. pix jft ^o, iqm. 

vkoc aues. TOTH., tac., uv, eig, v, Tatxm 6»i. t, lors. 
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trate also tlic rcl^lions noiv uiirlcr conaitlcraiioiO, An cx^miiiMiDn 
of Ure relation of Hn* 4, in iJia^nm 6, to Unf^nll saliajii, ihc palisade 
and primfirilLal. areas, wilt assist in mating the relation of the pluses 
of the hymenophore presented in i-’ig. i;- very clear. 

In the middle of the fiffnre, or section, the gill saheiits are ctJt 
transversely, On either sirk of the middle they are cut oMjquety, 
the tdore so the nearer the [lalisade area the salients arc cqL Bui 
when the gill is so young, the siruclnrc of an ohliiiue section ai thiit 
angle is juaclicaHy the same as in a traoseclinn. Since the hymeno- 
phore is older next the stem, and progressively younger toward the 
margm of the pileliS, the gill salients are older next the stent, and 
yumiBer next the [Kiliaadc arra, where they are very low and grade 
off itisenahly into the level palisade xonc Toward the left and riglu 
from the middle of such a section as b represented hv Fig. 17, the 
salicnJis become less and Ics* prominent until they' gmde insciisihly 
into the level palisade zone on cither side, In like manner the 
ixdisadc zone grades to the left and right into the prtmorilial zone, 
and this Tnlti tlie margin of Uie piteus, showing practically the same 
relatioit, sn far as The palisade and primordial zones arc enneerued. as 
ill a nuliai smtiniu 


Fig. 21 is from a section mark near ihc outer ends of the middle 
sahojts. about in the region reprcscntwl by lint 7 in diagniin 6, 
Only a few salients are shovm. these are very low. and cm either side 
soon gT:idc insciisihly Into the jtaliaark nme. Fig, 122 is from a 
section made in the region indicated by line g in diagram 6. Here 
there are no gill salients (nnr imy evidence of riilges in the hymeno^ 
phorej . a broad area m the midrlle ij the T^llsitle area, and this 
gradrA on riihcr side iniaisihly turn the primoritlal ajca. Fig, 2% is 
from a sertfon imide in the region indicated by line q in diagram 6 
It is entfreiy within the priinordSal mtie. near the margh, of the 
pilcos. Knowing this relation of the different [.hnses of the hvmenn- 
pl,nrc, o»c o .anxe th, Ininsilion of t|,d pri,i.or.l!,l pW into ibe 
tevd i»t,s.d. pha«. ™,d this i„i„ ,b. 

o. Iht rt.fTmn, pha.„ Oi il„ eill m ,h, jrea of 

turn from the palisade zpau into the joiii! of ,ho youaf-plU. 


HEVELOPMEST of AGjVKJCUS KODMAN'I. 3 a® 

tii-iaihti of tfm Ifymctiofhorc to thif Sinn.—One «f tht laxo- 
iionikeharacttrs vtiiptojcit for the genus Agoricuj (Ptoilbta) h the 
ftee conUitiun oi the I Is from the stem. In Atjan'euj camfiesiris, 
while the cills are usually free. Uicy arc close lo ilie siecj, arui in 
some cases are even annexed In the stem. The same is true of 
Agarictis rodiminl Peck‘d says of the latndbe,—“ free, renchiag 
ntiirly nr tpikc to the stem. li is possible Uwt itt ^omc escamptes 
the gills may be broidly aitadied to the sicin Imiftanitriit at the lime 
ol lltcir origin. hul tiecfiine fmr at malurity Ity changes in the relation 
ami itnsions of the pans during expansion of the pliuit. That the 
y oung lanwilic are sQinetitne,L bnuuHy attached arotmd the ur^per end 
of the AI Cm fiuiiLantcnt tins been observed in y number of extimples 
during thts study of (levelopijicnt. In same examples the atiach- 
tiieni of the stem is very broad, in others slight, and iti still others 
the lamella; are free from the time of their origan, 

Drfcpth'c i^pp£^nJnrc ci/ Si^^ihnts nrnr i/ii: Si^'ni wbtn the Ycumj 
UfneUir are AHached.---hi ittidving the ifrigin the bmelLc in 
plants where the IiymcnopltuTt, from ils earlbst appcaran^:e. k en¬ 
tirely free from the Ihtle lUfficuliy exjicricnced ui Ibc m- 

terpretaiion of the situation presented, in case there is a fairly well 
fomied annuhr cnviiy prior to the origin of the gilt salients. 
Longituflinal sectiotu next the stem then prcseni the shnple shiiriLion 
sJmwn in 17. Rut in ilmsc l^iscs where the U\Tiieui>]>liore 
prijnorrJimn extends dowjtwanl on tile niiti-r ^urfjnce of the stem 
as shown in Fig$. n nntH ij, seetjons passing from the stein 
tluotigfi thi^ portion of the hyiiienoplitiire* fif icr the odgm of the gill 
saheni!^^ presern a complicatcil fitructun?* which ntiiy very con- 
fusUig unlr^^ all the features of the situation are tiikcn uito con- 
si rleration^ As ^ateil above the jjteni axis of the sections from which 
hijTS. II ^ml 12 were tiuideis ]>ar^l]d with the longiuidiniiJ directttm 
oF rhe phite. In vciy^ yimtsg liasldioearps, as already descrilieil, the 
stem surface slopes mitward at a v^ry strung anfftc sliown in 

when the 1^11 fialicnt^ to fotm by downwiird^ or Qac«‘ 
wardn extension of ifit level palisade, its those case^i where the 
hytiiesiophorc prrmorfitutti ex lends dinvn on the surface of the steni, 
Prek, C N y Sure X^uh. Nat, Hilt Rert., 35^ 4$, tms. 
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the ialicnts first ^jpear over tliL* portiun of the hymeiujpborep be¬ 
cause it is the older. The older |wT(ion of the therefore, 

extend oiuward pcrpcndicutar to the stem eurfact* Since thrir pto- 
grcssidqi centrifugal^ the salients gnulually extend over the angle 
hciwetn stem 'iind pUeus where their growth 1 $ down ward. Since 
llie gTi>wth in ’kvtdth of tlie salients h {Hrrpcndicuhtr to the anrfnce of 
the level hymenophorc at any |>oint+ there are formed, in tlie eases 



OIACMJI > Lit«»l Viry, Uifough one hnlf lit ■ kiiidi(»o™ in jn in^ 

temedinte «Uk( oi .ln.wing (0 tht .irongti- «|:>juiie 

of the ta) itie partly o^r^niird i^com.i.K in 

yoliitr gromhi ii) H,e lirmtnoiJ^rc three 

itn«n {ff> ilm otdr,i p„rt,oii. ihe m «t«idii.»on thr 

,«dcr «4e of ^ f=‘r <«u*n irti ths «rri(«r oI ,hc si.m « 

thit ll*> the palisadr «« lh= fitll a«» o*i and« aidr 

of pitcns^d (O Ihe^twimatdid nr« (f/?) ^ 

nubr cavity : (3> thi: Idok gratind tiw« <,f mars.nal vdl; md ffii iht 
Ujfcr. Sft rr*J- •' ” 


onder ctwrsidcnliicm, a series c»f little stall*, or jiigeon hol«, nroueid 
the stem apetc. between Otr young gills i„ ,he angle between ihe sw,u 
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ancj This siiuation is illiisimLi'd in Figs. 24-31, from sdcctctj 

serial sedieitis of the same liasiihocar])< scctiotu were parallel 
H'idi the long aws of the stem. Diagrarru 5 amt 6 iUustniLc the 
situniion in this hasidiocarp and show exactly how the sections were 
made. 

I'ig- 24 is from a. nearly median longittidina} scctian, made in 
the resioTi intlicatcd hy tine i of diagrams 5 and 6. w hich presents a 
shuatinn practically die same as a median section. The outiine of 
the narrow young gill salient is wdl siiown in Fig. 24. with the 
distinct annular cavity, The pill saiicms are strongly curved and in 
tile fonn of cresccni.s, the lower linih of the crescent cxtEnding far 
dnwti im tlif outwardly sloping stem surface; the upj«r limb rd,ieh- 
tng out on The tmder surface of the pilous, where it grades into the 
level pnlisadL' xcuie. and the latter into the primorcliul zone. The 
relation of jiarts is dearly represented by diagram 5. It b easy 
to fomt a mental fMrtiire of the series of little stallsi or jiigeon holeSi 
around Uie upjtcr part of the stem Iietweeo these crescctitic salients. 

Fig, 25 ill from a section in the region tmlicateJ by line 2 of 
diagrams 5 nnd (k File line 2 in ritagram 6 shows how the sDction 
passes through the side of tlie stem arid ohliiiuely acros!; a few of the 
young gitb, then on eiUicr siile pasdng tbroiigli the level palisade 
and priiiiordial acmes. ■nie>e features are clearly seen in I'ig. 25. 
Fig. 3d is f rom the region imheawd by line 5: Fig, 27 that of liini 4; 
Pig. 28 tliflt of Tine 5; Fig. 29 that of line 6; and Fig. 30 that of 
line 7, of diagrams 5 and 6 (ligur<» of senltiTi# in the region indi* 
cated liy lines $ and g arc not shown from this hasidiocarp, but there 
is nothing essentiallyi diFerent ta Qiem from ligures ss and 23 from 
another [Jlant), Fig. 31 b a niore highly miigniticd view of the 
mitldlt fxmioii of Fig, 27, 

Figs. 26-jy and 31 prciicnt a very intereetitig ^titiiatron. They 
show transcirtiotts of the stalls, or pigeon Imic*, luenitoned ahove. 
Llnless caution is oU^med this situatirin wotild be very misleadii^. 
The gill salieiiu ore attached above to the uinJer side of the pileus 
and below to the. surface of the ticiii, and this attachment aliove niid 
Kdow cxisteii from the time of the origin of the salients. Howeiwr, 
the attachment helcnv is not that <if the margin of the gills, but of 
their origin from the slem, siiutc the salients grew oulwufd from tUc 
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lc%'d palisade orgitnued in ilns re^inn over the u[ii>er surface of ibc 
stew, 

Siniitur sections of Cf>priimi lifougli llie region of 

the attached gills was one of the features coiitritmting to the hi- 
colTcct inteipretation, hy Levine, of the origin of the lamella; in this 
plant, a$ shown by his Figs. 13 and 1+ Tlic lolisade cells on the 
sides and in the upper angle of these pigeon holts could c^ily 
the improuion that the gills had their ungin from isolated radial 
ar^s of new growth of pali^de ctlls, these areas, or “ ridges " of 
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Mated M diasn.™ 5. See t«„ fOr tleuile e« b the’ 


falisndc cell* parting as tlitw inerease. funning a lining over U.e 
ground tissue or partitions of these little stalls, and thus encloairu. 
“ the ntjtdt Iwtivein tltc gills.*' "** 


Hi^lation of the tiitti to the imolttte Margm of the PHeut,— 
There are other peculiar situaiiuiis presented in the dcvcbpmcnt of 

Lcffnf^f M_, Ttie Ori;|{.iii .aEitJ D{vciUp]?aviiL tti f'fiiiwiwrM 

/e«r, *. s4S-il6. pis ,s+. ZT 
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Agaritns r^^duu^ni (ajid oLbei: species) whkh mny lead to ^ierimis 
intsinterpreititioii itrlle^ ^rent cniLtinii i» observed, Thb is ihe rela- 
ticin o£ the pi Is ti> the invohite lUtirgin of ihe pilcus and to the 
marginal I'eif, shown in a series of lonpLiidinah tangcfilial "* &eC- 
t\tms of ba5idk>car|>« ;ii an age when the gill salients, by eentrifiTgal 
prctgressionfc Itavie nearly or quite ri:ai:htfl the margin of the pileiis. 
Tlic various features of this situation are presented in 
llie figures are phoiogtaphs oi selct,icd serial seetinus irom n single 
baridiocari>. Diagrams. 7 and 8 illnsiote the limaunn iti thi? Iwii- 
diocar|> and the lines show the rcffions in which the sections were 
matle. 

tn Ftg. ^2, froiu a nearly tuedian Imigitudinrit seclion (ut the 
region 01 line j:)^ the involiiic margin of the pikus is ?ho\vn. An In- 
definite poriien of Uic outer* lighter $faii]ed anea is the hlematogen. 
The ntargin of the pi lews h w strongly involute that the edge 
cun^ed upft-ard toward the gills and has crowded the ma&s of the 
gmimd tissue CDnstitutbig the inner |xJrtion of tliL-^ veil up a^insc 
the midfltc rone of the fameltic. The attachnietit of thiB ground 
to the margin of the gills i$ not verTi' hrm, though there is some 
adhexettcc of the hytihm. The attachmcirt has occurred after the 
ground tissue was crtuvrlvil agaimt the margins of ilie gills by the 
^ittongly uiHunufitt involute pileus rtiargiti. The strongly involute 
mnrgin of the pileiu is well shown also in several of the figures in 
Plate ATJ_ The |>ositiOn of the upturned edge of the inTOlule piletls 
nurgltt h ssieU thai the loose ground tissue of the inner portion of 
the veil is lifted up against the tnhldk itrcu of the lamcllie. while 
t!te edges of the gills near (he stern ami also ticar the uuLrgin of the 
pile us arv f rw, Th iis h very clearly shown iu Fig. 33, frotn a 
^section in the reginn of line ^ in diagrams 7 and S- 

Figs. 34 and 35 are from sections hi the rq^ion of lines 3 and 4 
just tlirovTgh the i(ttrfaceoi the ^vm tn the angle at the Junc¬ 

tion of ihe piletis aiud rtem. The hymenophore extends a short dis* 
tance doA\Ti on the upper surface of the stem, but the gills arc only 
not exlcudlng far down on the stau fundarnent as 
in the hashiiocafp represented iiii Plate Xll. ami in diagrams 3 and 6. 
[n the middle area of Fig. 35, the nearly solid block of tissue in the 
same level with the gtlls on either side* Ja hyitienophorc Ussue from 
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the jurfftw of the ftcm, and a {loniint of the sitine area m Fig. ^ 
also !)e1ong3 to tlve hyfiieiiophDrc. The hytneitophore, inter]iretcd 
here, and in all of my recent papers, includes not only aU parts of the 
lamellae and I lie pahsade cells lietwecn adjacent lamdlz, but also a 
thin, often, indefinite cone of the subadjacent tissue corresponding to 
the subhymctiial tissue o! the palisade between the gUl origins. As 
figure 35 shoti'i, the " stalls," or " pigran holes," in the angle of 
pilcus and stem are qtute small because the gill origins extend but 




Dmiikaw r- ui«a] vitiw Uimimh one half af ■ imtuBooLTv m «n flWer 
than ilwt tn diaKmm, j Mn.l 6 TJir has til 

parted ow* wti) dtt gill *a^ 11,e *,11 arra ,|oc4 tioi rkirnj ,,, f*r dnwn 
ou lto aiaei ta in j Tlia nwigin oi the laleut», «„n.. i„. 

sirfule and veil Uu^c hn, l™ crowikd tip agaJnrt th. ,::uldk pottieti of 
lUt gllU. C — Ihc prrftjun oi the annular etfity flin fiHti See teai for 
ijtK«r flctaUi not marlccd tiET<^ 


a slwrt distance down on the upper suHace of the stem. The ahrupt 
ending of this hyniettophoM tissue below it even with the margins 
of the gills on cither side, and the lower edge is free from the groimd 
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cloMung the item fimikmentp as shov.ti hy the dear line 
Imvvcca the two. Thh fndicaieft thrti the poixbn of the Kymeno- 
[Jiore rjii the upjier surface ot ihe stem projected by growth dighih 
aliove the levd of the $tcm stirfactf, or aliove ihat of the groutid 
In Fig, juj the disdiia botinfbry line of the Riore compact 
tKsue show*?, Imi it is in corttact with the grottiid iSfloe bdow^ alnc^ 
this ?ectitiji did not pass otitdde of the jtiiiciioii of stcitt and pi lean 
faTabmentSu In Fig. a fm of the giUs on either side of the 
middle are free trum the ground tissue bcIow'. Oatside of ih\A on 
either side (dte miildle smne bewcen ftem and pUtus niargiii^ tt 
number of the iplb sire attathrd to the ground tissite preyed up 
nganist them by tlie involute pile us oiatgiii. On c 3 liter side oi thc$e 
arca^, i* near die margin of the pileas, the gilb are Free, 

l%- 3 ^ is from a section m the rit^ititi intlicsticd by iitie 5 ia 
diagram y. Tlie niidilk of the secdoti, according to line 5. would 
pass through the spac<? of the annular catity near dir stein wluch 
has noi been filicit by the upwarit crtrwidirtg of Ihc grmind tiHSue. 
The nuirgm of the gills here should therefore be free from the 
gruund tis^rne hebw. This }? ^howii ttt be the ease in Fig, ^C\ lor 
the gills over die niwldk portion of the figure (which are near the 
On cither gtde of this area, however, the ^ectioii passes 
tUfqu^b the tone where the ground Ltssuu h crowded up against the 
gills* wrliik lowanl the margin of the \)ihm the gills are again free 
from the grountl tissue. 

Figs. 3^ ajid 58 arc from sections hi the region of Hnea 6 and 7 
respectively* of diagratti 7. Both Fvections are thu^ “tangents” 
thmugh the re?^iori uhtre the groitod tissue in cfiniact with the 
nnddb Jrouc of the gills would be euntinuotis and of considerable 
extent, hut Ihe area in the region of Vm^ ^ would be of greater extent 
than Hint in the region uf Itno 7* Tliii? correaiMjnds with the sttiia- 
tian shown in iMgs. jy and wdtib toward the mar^dn of the pilcus 
on either ^de the gllk ane free, 39 40 ar^ f roiTi the region 

oi itucA H niid 9, These «hrough the portiott of the annular 
c^xHy between the fiiargm of the pitcus and the ground tissue 
crowded up against the middle region of the hymenophore, Tlte 
glib therefore wuiiliJ not tic tu coinact with the grounrl tissue bdow. 
In Figs, 30 and 40^ however, h is cIkif itial on dthtr $idc the gills 
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arc aitnclicd below as well as above. Tile aitacbmenl twiow is not 
tile margin of Uiesc giUs, Inrt ibcir point of origin from t!ie inner 
surCaec of the involute pilcus margin. This will be clearly umkr- 
stood from a study of Figs. -ii jmd 42, 



l>un«AU It, Z^ilh view tntp a of the uiitic Sn text 

ii?r desaiit fUKirii^d 

Fi^. 4t aiicl 42 iroti) sectifltis m th^ regicwi of lines to nntl 
Ti ui liiagrarps ^ S, The gills ane attache^ :ilx>ve anri below* 
But it i$ very deftr here thtkl the ntiacliniait below * as well above, 
h (0 the pileus. Smee the gills lare dowitworil groivtlis of the level 
p^disade. Formed on the under surface of the pileus (i, petpefi- 
dlcular to the level palisade), the attachment below in these hgares, 
a* well ti5 that ^hovtj ijt at the point of nrigin of the gills, and timsi 
nut be fnlerpeted as an attachment nf the gill margtH lo die stem. 

TUe ftrsi Ridgn, ur af ike H^jurjn^/yjforr the Fwm- 

daiaruis of Ihe Lnnidfir llie qurstimi of the origin 
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of the lamellae Is Kif renewe^l Snterest 5itiee it ha^ been 

that <Fiic of the proliIcniA yet to he ^viirked out tn ihe A^irica- 
cca? is the origin of ih« bmclb?.** The evhleiice presenied in mi>- 
pcirt of till? sweeping, atiJ rather $urprisitig siaieoicirt, i? ntaile, so 
far as wc cm judlge^ cm the basis of no invcstigatmn of Coprinus 
ft cstirics with ft the unpliird thar^ge (haE M of the Qh~ 
servatJojis and statemciit:^ tn rc^n] lo the on gin of the gilfs, cov¬ 
ering a {leriocl of more than half a ernturj', are ijicofTrci. In iiit* 
case ijf my own work on -dj^nririfX cainpf^stri^y* ^-irmiihrm 
Li'piotit dyprahria/^ jJ^qxu'iu art* a rid --f. rt^iri/iifjir it can be 

most pojiLivdy rcaffimred Uuit the bmeliBr originate as defcrilicdp as 
dow itwanrh failial growths of tlic (eve! palisade portion of tlie^nien- 
ophoru* The cvirft-jicc was so dear m tiiese esampler that at the 
time of the study it did not desirable to present full series eif 
" tangcjitial sectiom ti f the dilTereiU stiges in the urigin of the gill?* 
|iarriculirly as the metbod ot origin :igrm| in all rcspecis with ihar 
descrii>ed in more ibaii a do^sen differed i species iji e^irlitr works. 
The pmait study of A^aricus toiiwmi was iiiiHertahent ntii only 
for t!ic purf*i>iic of e-Kamining into the significauL’e of the double an-* 
nuhis, but also for th*^ purfxjsc ot exnnunitig the different stiges in 
the cirguumtion ut the bynietioiibore jiriirinrdjuiiK the level palisade 
sitage^ add the origin of the gills, in a ^]>ccic 5 closely related to 
c^mpestris. It is very^ clear that the present study \ms 
futly cotifimted the earlier statcmcuU with reference to Ih* origin 
of lilt linidLc. Xtalerial lias also been grown^ a^id ibc young siagts 
ohtaiiiet! for scctconie^ in the following cummer dal forms of 
■d^arjVwjr; CiUrtpcjEfriJ varieties bohrmm and Alaska^ and A- vil* 
hiticus.'' 

*■ L^rinr^ M , “‘The Origin and l>t!Viitti^iiiicnt nf the Littn^ll^ tn 
niru.f mvscfu.*r Am^ i, 343-M^. iMJS i*\ WA 

^ AllriBsei£i:N Gto. F., Tlir I3cviclu|mi4:iii tfif . ^ifurt^u# BaL 

Cat., piFL 7-ia* rood 

**Attini4Ki, Gto. ‘*Tllc I>ci^!o(nnent *\i Afmiltariu mriiraP ^fyc. 
CtHfr 4 ^b., 4 ^ Lij-UL pl& 1, 2, lgt4. 

Alkinjon. Gca, 1 % "TJse Dei-r]i>£pinrtit r^f Ltpi^la fJy^ec/dirid,'' 

la, pit ij-ifi, ipJ4. 

** Aikmi<m, Qay. F+i '-Tihr Devcli>pn:Eonl of ur^vunt and A. 

iumluitisp Am^ J^mr. Boi.^ i, a-2J, l>lf- 1+ ^ I91-I- 'rBomolos^ of the 
Unrrcrul VriJ in Myc. Critfrofb., 5, i^lyt 1-3^ t^>M- 
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'n^e situaLion tn certain specie:;^ of C^f^rinus, where the maT^ios 
of the gills are atlached tu the sEetu before niaturitvv and break 
away during die eKparistem of the pknts, bu tor a btig time inter- 
tiled me, *ind 1 have imcndetl lo itive^dgnte ctrtatti ot ihc 5i>cci« 
fnr ibe purpose of tromparing^ the situation m this genuji with that 
ilescrilicd in bj’ de0arj,,d. Hlwscaritf** by Bre- 

feld and in Awanstopsit vaifinata** by tnysdf, where there no 
general ftrebmelbr cuvity, and the lirsc evidence ni the. buniJtx b 
the differentJatiott oi a scries ot radial iraljecultt in the hymetm- 
phorc priniordium, continuous wiUi the stem anil trania of the pi leu*. 
This investigation was delayed, however, until the atuunm nf 1914. 
Material qf three species. Coprinns cematm, ateatnanlarias and 
micacfns, was studied, and t!tc results wlj] he puhii^hei] in another 
pajicr. This nnich may he «id here, that tliew ihret *pt;cics do 1101 
lidotig to tile A^iiniiu type hut to iht .dj^ctricifj tv|>r. There ts' a 
strong, annular, prehinwltar cavity in CTipmitu weak one 

in C* ufrawrrttiuriHJ and iifieaifu.f. bin ill all three the lamella: orig^ 
inale as ikiwnwjird’ijrqwiug fiaUenti of a level p,allsacle tone, ejsMCtJv 
as descrilied here for .^^aricitr rodmuni ihc only dilTercnec being 
in those g^Miciric features relating to the structure o( the laftudjje, 
Levine bascij liis iiitcrpretatloo of Uic nrigin of ilje liimetijc b 
Cnpn'ntij mkac^us on complicateil and rather well iidvanccd stages 
of their dcvelo[iiii«it. JLid the origin qi these compHcatcd struc¬ 
tures tieen sottght it Is jirobabk that the origin of the lometl* would 
bavc IquikL 


Of ihc ihu^ far tht folJqwirtf;^ 5{Mrci<is tmv bes 

mentioned as CJOanpIes of the .d^fiiricHs type in which the otigi'tl of 
ihe lamchit has been dearly and correctly tlestTilK'd. those by iloff- 
tnaim more than half a century ago, Ai;annts cam^oio,>,t,ttosut 
xFaaus tOf»hrtu) liy HolTtiBinii" [1856*. p, 14^) - Cantit^reilus 



naaiihnoijFtirtvii. f, I -IV, i-aai: uti, 6-11. if»j. 

" AUdiiioi,. (W F, -Ihe Dtvctoi.ir«( of . 





ire von Affariciw," Bti, 
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C. nuransiums^ Pahiw Plcuroms trcmuius* 

OmphiUia mmbipSifrmf. O- Mufnsmmj 0ii^hyUus by Hoff- 

PTomi** (*S6ci) iC^Uybm vi-luiif'ts, C, Hygfoplwru$ chtora^ 

phanui. GateriA my€i*mp^s. HfbeioftfH mwfhacus, Coprums 
foriits^ Pii.rillus fmmhUui, Ent^ionm +ulil ollitr$ by HofT- 

niann” (1861) ; My€^*m CiUtybia drrophth, JVyrlii/w ^am- 

Jijf/fdj C/fiPfyfrf cyathiformij^ ^nd Cantharrltifs infutaUbuliformis 
by JeBjiry*' tht latter two in conjiuirtiori uilh 

Woreinin: Coprintu lagQpus by Btefcld'*^ (^^T 7 * P* - Agarijcut 
raiiPfrjfrrV by Atkinfion^'' ^1906} ^ Hyphohma by Misa Alien** 
(1906) anj by (iqii)* Sir‘^pbari:t ambut^ut^ by Zeller 

(1914) ; arvtttsi^ amt rF/w-ftfiiti/* and ^^JrifliV/ariii mr//(?i 3 "* 

by Atliiti.^ 

SVMMARY^ 

t, "^rhe lower llnil) ni the dcnible antinhi^ cf rod^mm 

is ntit a true ^*0!^ like tJint of the Amanitas thus far stvtdicd* U is 
cotnhcscd of a .^hnit w^ent yf the blemalogen pltiJ of the 
itmtT thaw nf tlic imrguial vdL Jhc greater [Kinion of the 
cogTO reniains “ coucrelc with or consolidated with the aurfacc of 

** Itrrtr^i^ mr Entwickcluag^e^cbirfitc urn! An^tniniiif di:r Afi;;irieini:ni’' 

nvh lA: t3* t4* 

** He^nimn, Hn, ** ItPfrUa Amib'tiefe Fiitiijprum; AUbthliiai^ itfnl 
scrribuiwrn run Pibcfi tnil tie^tiderer Rucknicbl auf AttAlomk uiiii H^n- 

[lit i-^ 4 . 

** UcUaiy* A., ** MtirphoBfipc and Pbj-skbjgit iter Pi tie. Rectum flnrf 
MyrvtoEKi^'^ Leiyxift, iW, V'et^EehiJiiniiiir ^torjihoki^fr und fbaliiijie dfr 
Fibc* MjfcetiOjDafii mid hitcwrliti,” iSS.*, ^ Ccrtii];u)rabi^e Morpliotc^ify utiii 

Diakfjy of file Funf^L iM^cctcEua iiid Racicrifl.'* O^fnfii. kSSj. 

** HTcfvIdi Op, LTnimecihuiigni uber Scbinim^ 1 |dUe," 3- 

BAiiihi;iin>-ccicnt L 14 ^- 3 ^; |iil^ a-Ei« 1 ^ 5 ^. 

AtkitPiofl* Gcw. F.^ ”T1ie Hefdotpmptti of -djwrariiJ rampfitris^*^ 

GnjL, 4 S£ 241-^^ pU tgftS 

AiltrUi CandiEie L-* ’'Hie rJctclo^jiftcnt 01 Semne 5pccici of 
hmap Altm, Ifyr.i 4 : plau 

H-« itit the DevdofrtTtml. tif thv in Some 

Acftricncne/' Attn, ti*: pL 54 191 

S. “Tfir Dci«rEopnH;i]i of iiFfi^iymn^ 

6t pk lit, I35t 1014 - 

*f Alkbioii, Geo, F.* “ Tlix: Dcvdnfunmf nf A^nw urt-ww trnd 
r^in/idiuir tt pE* G 4 . iy* 4 . 

** AtkiftarjH^ Geo. F^ TIv: DcTedoptnctit af Ifyc. 

Ci’fli'ralK 4 : Jiy-iai. pk i 1014 . 


ATKIKSON—MORPHOLOGY AND 


lApriln, 


341 ) 


ihe pJteus. while in Aittiinita the blcmatogcn htuilly- rfcHmitet] from 
the sorfnee of the pitciis by a cleavage layer, A >1ou1j1c annulus 
bonitilogaiis with tliat of Agoricus rinlttiani is often''present in cer¬ 
tain other species of Aganrttt^ 

2 . The prunordicun of the hasidJocar}) is oval in form, and huniO'> 
geneous in strucuire, consisting of IntTicaicty interwoven hypha;. 

3. The four primary parts of the basitliocarp, plteus, stem, inar- 
gituil veil and hytnenophoTe, are first differentiated liy the origin of 
the hynicnophore fundament. 

4. Tiic hymenophore prunDraium anse* as an internal, niinufar 
cone of new growth tnwani the up|jcr part of the young hasidtoearp, 
ft consists of slender hyphie rich b protoplasni, parallel, and di¬ 
rected obliquely downivard The lower outer surface is at first 
ffiore or less ojjcn and utieven, presenting a frayed or fiinhriatc ap- 
{wartmee. By cuiitiiiued growth and multiplication of these hypha; 
the hymenophore piimordiiun becomes more compact and the under 
surface becomes even, forming a kvej palisade aonc. Growth of 
the hyntenophiire {M-ocecilf in a centriftigal direction, the older par- 
linns being neat the stem fundament Ky ihc c|iinaslic growth of 
liic julcus margin the hymcnopliorc takes on the form of an antinlar 
arch. 

5 The iucTcaac in nttmltcr and diamttcr of the elements of the 
hynumotdtore fundament produce a tension uptiu the ^ouitd dt ?tiff 
l>cnc,ith, which lags behind in growth and is loni away from the 
under surface of the luTUcnaphore, thus forming an annular, pre- 
lantdlar cavity. This cuvily may bter be nearly tilted by the ground 
tissue of the inner portion of the veil wlndi increase* in bulk, and 
h often cruwdwl up against die yoitng gilts by the bvohue margin 
of the ]iiku^ 

6. Oic litiudljp origituue as downward growing radial salients 
of the level palisade zone, beginning next, or on llic stem, according 
as the hymenophore prtmordiiim is free from or extends dt*u*u on 
the upper |«rtfijn oi the stem fundament. Tliey progress in a ctn- 
trifugal direction. In an btermediate stage of devetopmem 01 the 
ba-siiliocarp. aU three stag«« of the hymmotihOfu may he present 
the cone of gill salients next the Mem. then the level naUsade znne’ 
amt lieyoiul this the pHniordiat zone. * 
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7, The first ri^!gc^, tsr clients, which uppc^Lr in connection with 
the hjtncnophore are the lundunienla of the lanidlaf Uietnsc1v«i 
and the palisade layer ts cojitiniicms over their edges as well as Lc 
ihc notch lietwcen adjaeent salknie. 

DESCRrPTtOK OF FLATES VlL-XOl- 
PLATE mi, 

Miiturc am! nearlf nwittn'c plititi of -dffarifutj jihomii^e the 

double naitKC of the ^timultiJi mth lb ed^c ffroovfd; formiiLB cm upper Bud 
lower llmli t tbc sluirt Inrolute itiurK'rn of ibe pileut. «tc- X a/3 dbm- 

erer; For see ttjrt 

PLATE \Tir. 

Uahirc and very fwrt parking brtirecn »dct«|j^ and itrret 

Real 4ttt_ See lea^L 

PL.\TES lX.-XIU 

The of the pTiototmciugraph* »«: ai follows: Fik^, 3^; 

X 9 diamelcr*. Fig. 31; X dIaincEeri. Figs, 1, 3 t? X diaincterSr Fig:. 
331 X U diamfiten. Figi^ X so dbntftm. Fl^- 171 diameicTK 
Figs 1S^ i6r diuiiMS'leiri. Fi|rv Ji-30, 3r^i X 3f> diainiiicfs Fi$. jt; 
X 100 diameliiTi Fitf. li; X itO dlatucifTs Ftg- 13; X ^55 diinieUfs- 
Figs, ID. ti; X 160 diaffWler^ Fig. tSf X 170 diameters Figs, fj-ijj X ^3 
diamcieri. Figs, 3 q; X^5t* diaoMters, 

PLAlE IX 

Fiir i_ (No. iP.) Young stage of Imsldificarp pTiitiLirdititn. 

Fjo. 2. fNo. 00.) Sottirwhal o^der staac of liaEidSocstfti primordnirm 
but adtl In the uDdlffcreni taxed stage, 

Ffs. 3. Carliei.t ftagt of dlffetmtiftticin m ihi yottug 

hiJiidlixarfi, tnedran bngitunlsl Mdion abowitia a trauiieetion of Ihe Infertiffll 
annular bytrumophore (undainenN the gcurral prelamcJlaj csvil}^ POt yet 
formed- Filctti fiiudainrnt Is stem fundBincm beti>iflPi and vci) fim- 

damenr underneath I he hyromopbore piimordiLuii (*fic Fig. -ol # 

Fig 4. (No. Ltinfitniiinal *Ktfoii of the «ini: batttliocarp^ 

" tangentiiir' to \ht bymrtrfipbpre iifim^-rdiura, whSfh i* shown a* a iraiii- 
vrr^e deeply Gaining nfta* 

Fia 5. fNou MviIeslu IcrngtiodinAt waion thmngh a t«uii 1 lo- 

coTiP \ml aluT the fnniuition dI ihr goccraL ammlatp fireJamclIar avilyn 
The bytttcaophore li *till In ihe firfmordtul eondlfiou (we Fig. iO> hut dtifei 
not e3;toiiil down on the juirfiese of the upjief ymt of ihe fftrm fnnd:iiitej3t. 

Fio. 6. (Kfl. Lough uilEdal seelkil of the same If^fudlocarOi 

lADgctitial ** fo the hymeuophorc and amnilar caviiy ( hcc Fig- ti)+ 

Frtk T' (Ko. ^ 1 S.) ilcdsan biiiginiditi:d jieelion ol A hiiadiocarii 

jusi after ilie formaiitm oi the general, aiiuulai'* prclMellar cavity TIte 
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hTniniopliarr tt itUl itnlirTlf in iht ginmordiBl Rtafit (ire F 15 . ii) ind <>*- 
lend* for 1 eop«deraU( tlisnince nn the Enrrncc o( ttie u[i|ier jwrr a| iJbc 
ateiu fiindjcncnt. 

Tjmgitudinil iHiinn «j( tlw uene ltalhf{|xar]^ 
" nuisciitiid ** m ihe hfmcuujiliort anit anmdur cavIi^ f*« Pig ift). 


P L.\TE X , 

Fisl a {Xti, Svj.'j More Iiijliljr v«fn of ihr Irmwctitm of 

the hymenophort ijiiirwednicn shown in Fip. j; sinu (ui» M i\v left. In 
lh* dnikn- *rea Cliynwtioithftre pmnunlium) ih* hyidrae extenil dowittsaird 
anti .^lit((|tie^ «iiw«d toward, and tome into, ih* fwinkmnil 

bdow, which consisi* of a loose nicali of intrrwtivcn hypliac. 

Fia itt (So. More Uis;1i(>- tttngniiuij view of thr Ifaimtiit® 

of (he lyunmottnore pnmonlium and Biunihr cavity sliown in Fie c lasi* nf 
fiem Ai the bfi K 

Fic. iL (So. Kow hieMj TtUigHifitd view of the rianKction of 

ilic hynKiiopftorc pnnioniiTiin iKid jtnnulaT cadty ilwm m Fig. 7 (Htm avis 
at right). The hymenopboro priimardinm exCentE* down oie- the tiurer tfaft 
of ihe sifKj outer lurfaec. Veil firoilaiiii-m in the snefc below. Ihc (rrnund 
bssue itiriHB and separimu fmm iIk! fimbriate under lurhcc rf ih* 

hymcnDpIinn 

F>r. ta (K^ %) Tranacctioii of liyiiKnuphare and anmilar caritv 
ihawmB «me v,ew a* Fiff, it (*icm axis at rijfhi) bui in tmoilie* 
earn ™d ihellUy .aldrr siige; the pottlon of the |o-me„opl,,.„ primr^rdi™ 
on the mj part oJ the rtem ioniLitnenj |ia* l«emie iiaojiormril into Ibe 

It, ’+ Section of nnif.brr haaidiocarp >henrlw 

the hm^ophem: ntul aimitlsi eavitjr in rtmi: a, pi^ J dilTrti^ 

u^ficatlont (item atus riEliit Hywen.tphnrr i-nni.-,r4mm with fins- 

hritt^edge. Ctound tiis^e below fvdl fimdammi) brraltmg »way from tlie 
fimtiriiie uirfate of the bymenopbore a, a «»it!i til the pJndueed hy 

niMi) 1*1 B&lttlirr and srae of the clenicnta ml the hyntenoplinre and 

the Inggjng beiimd of the ground U*.ne hetnw. tftn* forming oTZl^r 

?**'«' *«iJ» file dircetton of the latcr 

Iwcllir.. TXr Hsteinpiii of the (ii-in«iopbore Ime are Mimrwiiatdnllmtl ih^ 
kinider ends tif tlir lirtdtie clhnrine in grenrpi at the lower inrface of it 
liymenopliore ii bowted by flu tntiton of ibt increnic abovt ^ 

I'pfi |Xo. 394^^ ” TAUngeqfii] UxtLim lUi- + 

primordium. more highly mogiiified rieW of the ttymmophore 
annular, piekmellar^ity rtown in Rg. 6 X«7u,e fimbriate 1! “"^; 
face of Ibe hyfnnitfphore immordtnm. and the tiV)*c irniiimi r ■ 

^ of re«> ^low krturarinn from |. -Hd 

The ftriuture of the hymenopbure primordiutn U homnseoMHi*. 

tlw: dightett evidence of gill wlieni*. or of ridge* 

eede or have any nhiiim m the lamotlw wlnch^ t., ,ri» hut ^ 

FlC. la (No 12i.J “Taugnftiiar' seetfon of hvinenoDkarr 
dmm. umular cavity and veil Ftmdamein. a miire hioMv 
lid* part of the Laaidiocarp thown in Fig. g DeufU a* l™F(^ 
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1*LATE XT. 

Fltii. ly-JU iflA licmj a tinilc liajdtliciciirti frcrirt itiTtfcttd 

s 4 Jtial sErtluHfl jKiruTfil m\h tike if vt ibc AUfI tungcnUal Hi ili^r [lilras, 
i7 in irrpin iitsir the «mTP| ind iTiiiwi tJir klinru llJc itrielivjrfiils; 

|irtfrntin»l'«te» lertl inlitjiile fame, aiwl tbr /^nic iff (flU «- 

lirflU wUh ililferrai m ihi^ ifiium vl like latUrt’ fftmi Jiie 

Irvd pMU^mir rim ijlthin (He ik'^iEiilik Tlie KCiierAl Aintiiliir Carh^ 

IK well itlOWiL 

Fuv, iH- Mure liiGhty rnairniftcd xiaw iil pnrfiTHi nf llie fiou leellcmi 
In thii nr^nn nf Ihe wn^iKrn the gill laUrtiT* fnmi \hc l«^el (fidiKwlr 
Fiu. Mcsftf bigldy mn of the y^unn ijilt saJlctil#, 

liow ihtry Rjirt"_ m- fufimllt when rdeaicd frooi tlie ifresxurc ^0 w^iiicfj (tie 
ckmcnLf are Bnhjecliiil m ite IctcI [idfEii4k lont, wlm showiTT[ir buw %hW 
llAniig ^jf flic yentrj^ hpII cA^Imfi ero^di llie inteivmlriif fidifiatlK' ccHi of 
i!ii‘ nrhiinitl lr\*\ into tiilgcC* ihtte liK^ca of imli^iutr 4n life nnidi Urtwi'cn 
iwn liimrlbc ifcn^ furrtwil bier Iti4ji tlie eiU tnUmH, md aa li resuk *# the 
blrral ^imuirc bf flie Ihirtitj^ .ulieiitiL For drluili llic texk 

Flii, 50 . t^. k SeclKMi I tnm iwwjfhirr ImiidHscarcf ilniwine irmtii- 

tkm fnim ihc Inrl at^f to tht gill Ktltetitf, 

ftoftHifl iMsrrr ihr; margin the pHrui llsao ^howci tn FSn 
17 - lii Uie midiite mrsa Ike fpTl jEAlintU ure cm oe*r fiieSr dUtni end wlierv 
they are iicry low fiee text idr details). TratttStliiO to level jfallKftfk anil 
nrifnrrrtjid ionc nti thW efrtf. 

IV-. ii, Sedicm It ill neiTTr the ntntwn t*( tdicuip sbnwiim llir bitnl 

tuliiaik iiMir in iltr cmtrr* amt iltr [mfnitFtiinl un e^hur 4ile- 

Fiil *fctli ovowr tJie chu^ oI Ibd piicnj, miirely tbrongh 

Tfir iiriundifilliil tdllr. 


l^TEXll * 

Ficak JJj-Ji, SelecK'il «ria( KCttlrtta froni a JMnab luitadlixa^gk (Nti- liK 
[njTJilWt wilk tfkii siefti itwif ffum nmrly nirdinn in I It? aicni So Tiiid- 
wjiy Ffum rtchi tnrfctee m iTie ttisreiit of kbe pilmiSr Here ihe liymcnoifhqrc 
exfmdn for -mi me ilikian^r down iwi ihe onivniTtl ^Soplfig forlmte of iJir timt 
fiinilATtirnt^ (inrl ihtte are little ^ etalli** of bdki lei«tTit them an 

the Jingle al |nui^tlnn uf jdktei ainl See (ext fr^r demik^ 

PL.\TE STU 

1 * 1004 . 3 J-h|nZ. Sdreifd htihI spctlmi* from m lingW liafililtomrp (N<^ ll), 
Imrnllel wiili the of ilte titm and Itoiti tfit 4 Jbia In tlir iiejo iw " utnijHJ- 
tbl “ in Ihe mnrvin *if the plk-iw See itfxi fwe iktaiU. 


i»ioc^ ^mt. EJ¥. si^ iniifTJUj itfi. *1 iyts* 



THE TTOiORI-M uN THE DECREASE 

OX- THE ECVlCN'ITilClTY OR 'JU J'l OKfJJTS OK 'I HE 
HE/\VrilNi.Y liCtDlEJS UNni-:K THE SliCUI-^R 
ACriCiK OR A RESISTING MEDIUSI. 


IJv T, J. J* SEE* 




Til thu " Mi-caujqiii: Cik-rtu" Liv VIl., Uiaii, VE, §gj*>“30, 
nml Uv, X., l*hap. VIl., | ifl, hns tkvdopcit the niulhe- 

tnatical iticoTj fif the stxvilur action uf a rcsistitig tntsliutii, jiml ajH 
Jilictl it to the tnotiems of the iiioois ami iiliinets. The linst rfis- 
cuftsbii herein d«<tl was iinhUshcil in S'olnmc IXT. of the “ Meuinttiue 
Celeste” tSoa. It la on this discossion by Lajilnce tkii msHlem 
JnvcatiEatOffi diicfly Imsc their Ircalnu-nt of liic (jmlilnns of a 
re.-iistiiifr moliinn, L:i[ilnce'& slevelopmcni of the theo^ therefore 
been of greni sciricc to scitiie* for tiioru than a cent«T7. 
Recently, while ucciijiiel with a catefnl review of the theories of 


jiiHgnclisin ami qf gravilaliou stn« ilic time of N'ewton. 1 had txai- 
sion to cjiamine Euler's " Hisscnatio dc Ma^nelt,” i74,t, Otjitj. 
cula,*' 1746-51; nnd while Ifjokiny iuio this work was aurjinsHi^f 
to find that Euler had iirwwlel Uplace in his development of the 
diief effects qf a restfititig niHliutii hy more than half a century 
Euhw-s work on the rcsIstinE medium will he found ,he volume 
of "Oiniseulu,’’ Berlin, ,74r^ in ,he paper "De Rciaxaiiotie Motm 
Iniiiiutiirintt/' 245^;i!7<5, 

llnliie ,h«. ihL- .ii.lirfia ur« in.ilkurlmJ I.. ,c,isla„M 

Lulcr ensi.!,,, m xvtt. il» 

la.n ai.^ tti, rclun, 1„ „rtlirfia„, after dtanpr, it, |l.c ,„eai. 

Uy the rncremcnls rcTircsenltn^ a whok rcvolmion: 


Euler puu for the plaiwt*ary orbit ahoiit the sun, 

Ui 
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/i={i (t —r y = tjerfliidion distaacct 

—r*) i=^=lJJtiw rwlutn of the ortik, 
j'=r=s)r]idjii& vcci»r of tlic ptaiict. 

JE=^=£Ui« cfiwntricity <if (Jw orfnit 
f =5lrutaiicUBfl]y=«'. in llie noiation novf conminnly owrl, 
#=are of the orhit, redwwnl from pefihcHfm. 
fS tub’s mcaji cBstimcc, 

—pit, where ^ is (he tarth’s CffUsilorial semiHliatneter, ami 

p a ititinltcr which expfttas^ the sttn’^ mcatt rHslajicc in this urtiti 
Killer o*cs a solar twimUtix of 13', anil takes c—158660. With 
the values now atloplcil ni astronuinv we have about f!=£,V 145 ®- 
In sonic of his iiiiinrrical worfs Euler wsi-s f = j=<»(i — 
which is admissible when we neglect the of the ccceiitridlv. 

Euler also usm a small aii(>le of dcvifttloo due to the angular 
elTcfU of rcsistatice, s=i 9 , such that tan s — ati 4 tlien Lakes 

the equatiim for the Kqderiou flU(^;(se 


ofi — 
i + t coa r * 


t<i have the form of an clli]jsie miMlifii.'d lij' resistanec 


I 

r 


-(1+eeosf) = “+ p 


fmidiiiii of \h^ tmie, but iiiqdifit.Nl by a very small 
quntufiy dcpctiditijj cm the cfftJd* of iUh !;ciimLar Aeticni of Ihc rewst- 
hig mctlmnu 

From the oc{imtInttA of the lUsUirlicd dlipsc* in noiJiiiou^ 


1 


^ + + Pi 

j: t: 


i» ^ ’ f/ ~ sin ^ — Ir aiiv t + iff co« l+iffi-lff sin 

^ * 



JUS SElE-TJm EUl^-L.\PLACE tHEOBHJW. 

Kuirr iluvdofvt ihe following inliler 

tliLMT- will bo 


lApeU a». 


if 


I “(J, 

i = r “ ff, 

i “ 3 )r, 

I -= 3ir - 
/ = 4ir, 


f = 5T - (f, 

11c rvmndt» that when thereftirc for (trrilidian we have 


P = o. 

^ = P (sa" + rir)( 

^ = ,-(4!r + 2i:T>, 


y t 


and for aphelion 


1 t - f 


a 


f => o, 

i ■» ¥ — (?» 

f = 2¥i 
I = 3w - $. 
1 =^4¥* 

/ = 5» - f- 


+ 1\ 


y t +”■ 

j-- 7 '+f ('-}». 

+ f (t-lt). 
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k being unjeretood lliat Lbe final angle 4ir/3c: Is neglected as very 
snuilL 

Hulcr next eonsiilers the effect of i whole revolutions; 


t = Jfir, 


t 

y 


^f+^(. + }D= 


lor the rndhift vector: 


g _ jjfw (i + li-igg 

^“r+r f + • 

I’Hjllinp for ifid following n^ihclioilk l = fJlerc xvill 

rcftillt 


1 


r+w+iL',. jj,, 


whence the niilin» vector tjici:onir5 


i-f fti^fF 


Hie •rtirecssivp lUstances of the |>1niiet from the *Hri are diinrii- 
idled in the followhig iiunuicr: 


I, Porihdlfin 
ApheHoii 
Hh I^enhdioii 
Apticlion 
III, Pcrihrllon 
Aphelion 


il _ 

+ r 


I - t rtl - fP ' 

_£_^{t+Jf!« 

1 + r cii + rF * 

li _35li 


t d-f 

i 

t-f 


Mi+r>* 








SIS SEE—TUE EUL£R-LArL-\CE 'niEOIJEM. I **• 

in any revolution aUaul the suii tbc perihelion aiUtmccs by the 
interval 

cti + b' ’ 

anti the aphelion regressei? hy the interval 

aT{t -iikR 

Vu- i)* * 

the moo tlisiancc therefore ilwriraM^ in the interval aI»otit 3^s/‘i 
and after i rcvtdutiORS this decrease in the TTiQin distance will he 

Accnnlingly, after t planetary rtvoluiltms, the iieriheUnn diittatiei! 
fr(»m the sun T>econies l 

l + r*^ ’ 

anti the foltuwin^ aphtilion distance; 

_ i)v{i - irJjt* 

t -i f(i - 

llie arliliticni of these values, after i revointions. effects the 
iraiisverse ajtiit of the nrlntt 

2j! _ 4r>w _ Tf 1 — 

t - rr ^(1- rri* fIi - n* • 

Here indecil, since ihe time ts to !«tlcfnicd, the time from pertheJton 
to aphcliim iwiy Iw oiiiiltEi!; ami llins after i rcvoliitkius the trans* 
verse aJtis of the tirliit is found ty Ih:: 

Jl_ _ 4tV) !g . 

i-rr <!{i-rn** 

wherefore also the initial transverse axis is assumed ctpial to 

2 n/o—m- 

If, therefore, the distance from the fuTihelton to the sun after t 
revolutiinis, which is rtjua! to 


£ _ ^tirf I -{- ifle; 

1+f 
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tic sutiiracicd from ihe dicitnncc frapi llic aphelion tn the sunj which 
ilevelop in I he sanjc lime, mid fciuid lo he c([Iiei1 iti 

S _ >if(i - 

J - {■ ti I — f)* * 

il will jjive for the djgtiincc of ihc fod after i n'volmions 

- ffl 

r - f f fi I — irii* 

The iultiiil trarigvcrm; :ixf$ wns.2(/', I) —££)« ami if we diviilc this into 
itie Inst &5t|ir4issiori^ we girt fnf llic ct^CLislHcvEy of I lie orbit at this 
itTite: f—JisfCir'C't tenni tti ^ licUi^c neglmes! . 1 * 

Jii KiiSer^s [afCT the Ui^niot ]i in (he bsst term h inAfht;neiitly 
uniitteii. lie reituitk^ lluiL ihe erigriial ecceiitridly was C* whcrens 
after if n?viiliiTinLt.s 11 is deertn-iecl liy (he tiq^ativc Icrni ilunvi* atiovep 
gnd thus ib i^iibject to a secular dirinniition^ ort'ing to the: si-cubr 
acli^in of I he resiitling nicdhim. 

After ihU itiscuision Euler reaehe> the cmidustoji: “A re- 
^liiiteEUlLi ergo e^eentndtHs euniTmin iTiiiitutnrp orbitacque plauetartiiti 
propkis ud fi^urajii dreuJhreiti fedttctudtir'' Ip. 

lie (herefore revftjjinicfl ctrarly th^t (he elteci of a red^-tiugj 
frieiiiiiiii Is to din-Tease the ecceiitrieity iiKessanlly, and to midCT 
ilie mbit mure and more circular^ inaJ had reuched Lliis? inqioirtiinl 
cruicliininK fifty-slx years tjcfure the eorresiKuidiiif^ 

theorem was esi^nhliishefl by T^plaec in i 9 o^. 

Aceordingly as Euler's rcai^tiing is csistiiLiiilly ngurmts^ itLoiigh 
rtot the name a$ thsit nf LtiplBce, it ia evident Ihut he was the first 
dtsc<;vercr of the ihtMcircm which is of sneh fundanienlal inifKJTtAncc 
III Lite dicoTtes of cosmogony, 

!t ii^ reniarkuhle that ah hough 1 jujilace ItikI lliiir thcoretn clearly 
liefort lus mind for a finartcr of 0 century wt the clu&e of Ids life 
{ 1^0^-18271 lie rliJ not ouec that tliu filancLs and sjilLHites 

luid origriuntetl in tJie dlstario: aiirl tlmiugii ilie sictiou of u rcsisling 
mciJium had neared the centers about which ihcy nnw rcvolvep and 
ihus acr|mretl I he wonderful drcularity uf ihdr orbits. 

It h w*cl! If down that l-aj>lace cfinthinally refers to ibcse Imflitsfl 
5ts delSiCheti by rutation^ fn the form of aones of vapor, as Eirat 
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outlincii ill hi!' ficbiilat hyjinthcM of 1796. He thm mislcil the 
Kientffic wtirUt for itfori; than ^ ^ctunryp till the cajHure theory. 
Envoiviti^ fuitnatSprt in tlw: distaivce widi siihs^tcmt .iinjirmiuh to 
I heir cmtTnl nui5*«e=i, under the teoilnr sictidi i of a rcsistlnK metUnni. 

ikvelojietl by ilii: jirt'SiCiil wriUT in uitrf?-to. 

It is txiiiailj' wdt kno^sii tliiit 1-aptace nlwnys held the omiKi.^ 
til ffirvigJl to oOf syst 0 ty —njiotlser niistleadiiin ductrine in cof- 
mri|n?ny. fiiudly overtlirnwn in lyso by the indqxnulent reuiraTChes 
ol Slroni^en of Cot^nfeBtiip ftmt the present writer* who sbowetl 
lltal the cwuets iurc siirvivirnj rciidtire tilt atidtiit ncbu!:i wfiich 
fnrnieil intr ^,dar syateUL 

In uiy ^ Kesenrehe?/* V0I. fifi. i hikve itniwn aiten- 

thm U> two Itiitri fnnn Killer to the l^uysl ^idcty, [jQintiii|^ iint* as 
cariy Uk 174V1 tbfil the eartfi niu:e Ireryond the tircaeiit orhU nl 
Saturn* He docs not there lU^u&s the accular decre^^e of ilie 
eciXiltricity of Ihe phiiietatt' ufhilfi: yet us hr liad ^rniinils for hohh 
tng to a wrenkr np;nrthk-li to the central nia?v-iei* he wun the firM 
writer to oatlinr sound views in cnsniOKony* 

Utuler the eimiinf^UUK-es il ajqjearjs apprrfpriule UaU iht Lbeoretu 
tut the secular ^lerreis^ id the ecccuiricitics of iIk! iirintk of bjtlies 
fooTing^ in re^^ring tnedb* s^hotihl lie biown by flic innnr of tlie 
Iui!er-t-;i|jlace ilieorenu ITtis rtcoguiiscs ilic eorrrd histurleal de- 
vdoinn^ent, ns now' rruade niU^ rihI pmkitily will bihj n 

ftmdntmrrtfal ]ihtci: in the adeticc of cdir&tiai cvohttioii* 

MahC 
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SYMPOSIUM ON THE E.\STHi ITS nGURE. DIMEN¬ 
SIONS .‘\ND THE CONS’munON OF ITS 
INTERIOR, 


(CatrHui/irJ /roin fupr joif,} 

IV. 


VA RATIONS OF J-.\TlTUDEi 'ITIEIR BE.-UtlNG UPON 
OUR KNOWLEDGE OK THIv INTIJRIOR OF THE 
EARTH. 

Uv FRANK SCHLESINGEK. 

To n-view even IsBitily the cQtitTlbution$ thju astronotny has wade 
to our kngnleiJge of the figure and dimensions uf the earth and the 
eoTtstitution of its fntcrior, would eonsume more time than I on 
fairly claim as my share this aftenioon. Let me therefore [lass over 
those points that are on accepted ground and are niatters of general 
agreement from the different points of vieiv represented in this syni' 
posiumS and let me dwell itistoad upon eWtain recctit developments 
especially in need of consideraiion, conceniing which the astronomer 
desires the crittdsm and help of the geologist, the seismologist, the 
physicist, and the meteorologtst. Titcse developments have come to 
us directly or indirectly through a study of latitude variatlotu. so 
that most of what 1 shall have to say “will deal yrith this subject. 
.\hhough variiitlons of latitude arc in a sense a very recenl addT- 
rtoc. AJua. rtiiu *oc,, uv, ai rai.vTKD fwsvAsv 15, 19161. 
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tion to our WTiotvteclgVt yet rm the ihcoretlcul at leaat, we iiiicj 
the bcgiiiiittig umre than a century and a h:tlt ago. tii i “55 Eukr 
con^ukretl "the miatiun of solid .nul rigid iKKlics” hi 4 memoir that 
is HOW recojfniKcd a.s the foiHidaiiim stuiic for oiir edifice, Fie 
dimved thnt if <ucli a body i# projected into space U Will exhibit two 
kinrls of rotation: the fim of jhe^ie ig the familiar one that corre- 
.sponds to the day tii the case of the earth: llic other is more subtle 
and correspomt^ to the variation of hilitude. By reaimii of this the 
axis of the diurnal rotation Is continually changing within the boi)y, 
progrcssitig in a regular way and coming back after a time to its 
earlier fiositiaiis. ,^n ordinary lop gives us a sim}de ejiample of this 
kind of rotation. 'Fhe spinner imparts to the top 3 motion of tranS' 
latinti as well as a rotation, and if vve wish to study the totatiori we 
must arrest the traiisUtttnn in some tvay. This we can tb hy ktiiigg 
the top fall upon a hard surface in which the irou peg soon wears a 
ntiiiuie hole for itself, and the cflm is lo stop the transktion oj ihe 
10]> witliout modifying sEriousIy the rotation, ‘nieii we can see ibai 
while the mp js turnioE very rapidly urotittd an axis, this axis is 
itself rotating in a compsirati^'cly leisurely way Just the same thing 
is occurring with the earth: the tKiim (or i^k) at whirfi the axis nf 
the daih' rotation (iien;es the surface of tlie earth is raiitinually In 
luotion. If we could take to the tieigliborhtKiil «f the pok a mndtrn 
iiistruincm, and if we Could oliservr there at tcisure .lud in comfort, 
we should have no ^wrlrcular difliculty in finding the ^losilion of the 
pole within a merer. Hut if we should repeat iltese nbservalions a 
few months later wc should lind that the jmle had wanrlcred away 
to ^mie distance. To lie sure, this distance- would ttot tie great aiuJ 
alt Hie wanderitigs nf the pole that liavc llius far bcai nliservcrl cnultf 
lie plotted to true scale on the door of a rootti uni iiiiuh largt-r than 
the one wc arv In. f.ff i-niirse if the pole is nniving, so Itw is the 
earihS equator; and thus the latitudes of all points cm tlic canh mv 
varying. Such waiiikrings as Hk-sc uceil noi diviurh the |vstce of 
ttiitid of those gcntlerneit who like in iliscovcr the arctic or tilt imt- 
arvtic (jok. Under the circumstanceg that the jKibir explorer must 
work anti with the meager instrunicius lie can lnms|xin, lie i» glad to 
ckiemiinc his biittidc wiihiii lialf a mile of the truth 


i#r.s.l 
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nnust uiitlerAunil ibaE it only Tii mir tiint And only after Hie 
iHpse of niiim’ year<L since Eiticr pghli=;hc<t hh iiiemoir. \hrd latitude 
variaiions have actually k'Csi uiiscrvetL Then? nothing rti 
Euler t thporj' Iti iticliiaite htiw br^ a vnrialifif] ta look for* since 
tliis H a rnntier tliai riepends UfHin the whole comjjlpx of " initial 
coiidiliDtis^ of which our knowledge is the very va^est. But thi^ 
Jheory does: tell tib what the pcno<J of the >^rlAi]On ^hoiilil \x, since 
this deficiids upon the shape of the earth and the dii^lnhutiiiit of 
the material withi$i j|, and precisely the in format ion that is here 
iieedetl it afforded by a sluily oi precession. Apply iug ihijE in for- 
iiiatioit Etiler was aide to say iliui the {}enod of the btlttuk varia¬ 
tion should be ten iinuith^, Bessel at Konii^sberg In later 

Peters at Pulkova, Kyren also at Pliltova^ I>owiiin^ al GreenwicK 
and New'cotiih at Washington* all rtcsirched thefr oh^cr^'atioris for 
evidence of a bumdc varintion having a [icriod of ten months, but 
all ill raki. .Vst^o^lomcr^^ cotietufkd that jf latitude variations 
existed af alL their exteni was .suiaU tii Ik! detected hv instfu- 
tdimt? Ilf the preeirion ihat had then been atiiiiiicd. 

I owsird the end of ihe nineteenth ccninry^ vague whisfH?riti|fs 
Hint (his cnneliision fttlght he incorreci scein to have Lietu in ihe arr^ 
But the ftrsi clear word lo ihi* effect came in from die lips nf 
Kiisttier ai Berlin* He had invenled and ajiplied a meLhiHi for de¬ 
termining the amount of ihe alierratioii of lighi; hut Iw fiiLtnd that 
his obser vat inns gave wd biitgh initici^sible tesidts, iijjTceing neither 
Aittimg themselves nor wilh enrliei: relialdc ohscrviilioiis. By a tooe 
chain of logic he was uhk to ^^eludc tme iJ«Hslt)le explanolinn after 
aiiniher unlil there wa* left only the supijositinn tlmt Ihv btitiide of 
his Lai ion fuuJ clumgetl while hi a oh^crvationi^ w^rc tti 
Next he txammeij nearly couteriipufaiieous oliFervaliimfi nude a I 
ottier places, mid ivhcn he fiiund tha^ lie could account for certain 
puzehiig <JiscrejKinries, he no longer hesitamd lo amtoimcc ihat lati¬ 
tudes were viirbhk after all. 

riiis annuuncejiieiit awoke the liveliest iuLcresr ;fm\ enenunreted 
no little ^ceiuk'isni. Sjx'cikil ohscr% si linns were ai once act uij fout 
ai varimja observatories in Europe and Americii, as well as at a *la- 
tioii n^r Honolulu in ihe Sandwich hlands. Hliesc i^bnrfs arc 
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iiljout (fp|>osite ill langituck lo tlic E'JtrDpc^n ^iid lhi.-> wrs 

ihe reason for es^hlUhtng a stuliuTi tbere. For obviously if the 
jjfak is redly chiiiiiEirig ilb place tlicti ibc chains itt laihiiilr for two 
opposite :7iatbiii$ ^ill 1>e die reverse of each other. When io 1893 
Lb is was found actually to be the other poi^^ihlc e^Epknatioiisa 
fcFT the oUsen'cd phenomena at oner fell dowiip amJ btituUr vgria- 
lions became for the fin&t time a unlvcrsaAly accepted met. 

Much time anil effort has'c since been cjcjrfndtfd in alterfipLmg Id 
forrmikLe the "kws" of laLttude vamlioii!] and Id give ihem a 
mechanical interprcEaLion. But ohs^rTation has shown that the 
variations arc of uncxjjcctcd conipljciiy, and afl a oJiistLi^uen« \vt 
are still very far fmtn having salisfacuir) hnowkdge of this subjecL 
By the same token k is proluthlc lhai an intensive of these 
vanations^ partiictilarty from points of vkiv other than the astro- 
nomit^h will teach ti* much eoncei-nsng the interior of the orih as 
wtII as some of its surface phenomena. 

It was the late l.5r* Cliandler. of Carnhnike% Massachusettsi, who 
tof^k the lead in inve^tigitLing the iintiire 01 btitnde variations-, lly 
overluiiiling ancient obsen-nlion^ (made of course withcim any ref¬ 
erence to tlic present subject) he was able to irace the presence of 
Ihe Viiriatioiis back to Uie time qF linnllcy iti ihr niirbfle of the 
eighteenth century. Thu? it hapl^ims lliai ai ihc very time that 
Fult-r was writing thr: lirsl ihcoretiGil [layjcr on the ^iubjtictp Bradley 
liad nlrcirtdy begun niaicmg On; obscrvaiioiia from which the ilcEilal 
nti^ence nf latitude variations mighs have Isecn proven H once. 
CHaiulltr was able to gather similar evidence from other luiscd- 
laneous series of obsen^alions and thug to dowm a tolmhly con- 
Einuoua record of the vartarioii-H dtiring a century anrl □ half How¬ 
ever inicrcaning a fnci this may be (ram an historical point of view, 
it does not help very' much in a liractical study of the suhjecl, 
Tlicrc arc two rca^ns for ihi?; hr?u it h only fot luirf>pran ata- 
Linns (and for the nwi part only lor llneenwidij iliai we have anv 
knowledge of these carher vnrianous: the other comixnient of the 
wanderings of the pole, namely that 111 the mcriihau m right angles 
to the mcridkn uf < lU-ciiwicli. dhl not begin to be known uiull very 
rccriitly. Again* ihe>c ancient obscr vat inns were utidertaken for 


si: IILfcSlSGER—VARIATIONS OF L.\Trn:^OEL 355 

certain ikfiiiiEi: pur|HiM!£ ihat they ^rvctl a* well as cotild he 
^HTCted for their time; but they were not intended and are not wcU 
>?uitcd for preci^sc dctrmuuatious of the latitude. Gose aetjuaint- 
iiitCf* with the ?uhj<ici htm m ihut exceedingly delicate dj- 

scrT^tfoiis are necessary tq iLtdrne the variations with adcffuate ac¬ 
curacy, If 1 held in niy haiuls two phunU ItnCi lialt a tneter 
they would not be quite (>amllc] to each other, thoiii*h t^th are 
exactly vertical; if they were proJeuged, lltey would meit some- 
where near the center of tlte caftli* 4,jOQP miles below. I'he angle 
between titetu is a littk kss than and reptesenis ftpproximntely 
the accuracy ilmt demanded and that has recently been attained 
in Latituck observations This^ success is due chiefly to the Inter- 
iiaEional Geodetic Associalion which has organized an '*imeniatinna1 
latitude scrykre'^ of high eflkicncyp anil xo whn.o: efforts and ex- 
]>eri€ttce are dm the improvements- in instruments and mcthufls tlsat 
have made itnssibk thifi extraordinan^ tlej^rce of precision. Since 
tRi>9, the .'\$^odaffq]i has maiulaiueEl nhserving sIhItcuh for this 
tiok purpose^ Ivtd nf tlicse being tn our own country. One of the 
tninor effects of the war that is now raging iti hun>|je will be the 
di&contintL'ince of .^nie of the^ stations. One of llte /Vnicrican 
statlutifr hai^ alrfiiilj' Ihetm alianrloned and the same fate will over¬ 
take the nihcr in June. 1916. unless some independciu means of 
mamtajmng it, at least tciit].>orarjIy, present-s ti-seJf sooti. An in- 
lerniptTOti iff rhe.^e ohscn-aliotis would l^e a grciji \n\y, for this k 
one of the cases where a continnons record is highly desimble- 
To return to ClTamllcr and his work on lliesc variatiDiis^ [>er- 
liaj>i the most im[>oriant of hi6 achievemems was lo iihnvi that th^ 
principat term in the variallons, instead of havhig :i period of ten 
monllij^ ill accordiiticc with l^ulcr’< llicoryi has m rcaltiy a period 
of fourteen mnnth*;. lliis difference explain 1^ the failure of HcEiel 
and oU the othei^ who prccccfixt Kiistiier Co find a latiltidt varialion 
m I heir otic^rvntiocisfor. relying upon Filler's results^ they had 
all tcficd their db^rvalious fqr the ten-nionth variation ami hail 
sought for no otlicr variuition- For the same reason, QianrlkrS 
aunottneemenL of the longer fieriod was received with incredulity 
in some quarters^ and ihis feding did nm i-aitish nutil Newcoinb 
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{Kiintcd out ttini Ruler hiicl tnade a ccrtiuri A'isumption regard iug the 
tmenor of llie earth that had in the lucaiitimc been uni verbally rlis- 
rardctl; his fKtnoil of ten months apjilie^ in iarj nnly id a pcrfeclh' 
rigid and tmyielding earth. Xewcnmfi slat wed that if the earth 
yields to defomiaLiun to the .same extcni as Lhougli it were eoinposed 
tlmtughout of sleet, tlicii Euler’s ^leritKl u-ould be lengthetml to 
about foiirtt'eii uiuuths. Here wc hare the first dependable deter- 
nunatiou of Ihc rij^dity of llir eanh, 0 rt'sulf [liai has iiiicc Imen 
confirmed in several ways, |iartinilarly by a measurement of "bodily 
tides ■' in the earth. 

The fourteeii-Qiontli lenn (or the modified Kulvrian tenii aa h 
is now catlerf) has been under acenrate observation for a quarter of 
a eentury. The iieriod can |jrf>bahly (though not certainly) be re¬ 
garded as constant. This is what we shimhl expect, for a change 
in this periwl would call for a sensiblt alteration in the dislrfliu- 
tioii of the material within the eanti, or a change in the rtgidhr of 
the earth, llic amplitude of tliis lertn jirescnts a very pturltng 
prohleni. It^ usual viiliie ts about o'.jy, but twice in rcccm years it 
has jumped to about o'^o. Such a change conld lie accounted for 
by supposing that the earth had received a severe blow ur a succes¬ 
sion of milaer hlowf. lending in the nmuc directinn We arc re- 
minrled llial Iwth and Helmcn have suggested that Uiprc 

might fjc a direct coiincction between latiiutlc vartatititn and eanh- 
quakes, ‘lliis siiggcstinn was originnlly iTwdf by Mike very early 
in this century when (lie astriinutnical data necessurv to test it were 
still very nicagcf. it is io be hoped thm the question will Iw taken 
up again in the bghi of ihe jtifonnation that lieeit added dtir* 
thg the ton or twtlvt ycarft. 

Though (he Eulcriiui lerni b the largest port of the latitude 
vartation, it is liy no means the only important one, V\'e have next 
an animal lenu with a nutxliiiinn amplitude of about o* 20 \Vc 
may say wiihsomc coulidence that this tetm 15 seasonal and mettoro- 
logiral in its origin, but at pTtseut no more defijuie sigtcmem wmild 
be wnmntcrL It was early suggested tlial ncan currcnl^ might 
cause this variation, These .anrems woulrl have to varv grJuv 
witli the season, culler in the volume or the speed of i.i 
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its ilircctioii; fcir an nnAT.tyiiTg curreui wouUl intrely modify the 
E'ltil^rian lerm once for 3 ilt ami Mould leave the latitude variations 
olhemdsc mieh.'ingeil A dmibr suggestion has been made wills 
rejEpmi to air cvrreril^H arid appeal aljwi lieen made to utiet[iui1 
dcfiosils oF snow and ice on two opposite hcmT&iihere& of rhe earth, 
to aoccnnit for she arnmai term. It to me tli.it these explana' 

tioTiS have not Ijceri subjculefl to the critical mirncrtcal tests ilmt are 
{xsssible ami desirabje. Tlic toeteorologtca] data arc doubtless com- 
t>etcnt to enable us to compUJe at least the onkr of the cffecU in 
the latitude variations tliat w^e should expect from these \^f30iis 
causes. Furthemiore the anmml teriit h prohahty \"amble In its 
antplitude^ and it is imporlanl to ascertain bow <if at all) these 
changes tuc related to the corrcsponiliii^ tiicteorologicsil objicrva” 
tinns, 

other term must he nicntioneif in thb brief nummary'- A 
few yeai^ ago Kinmra of Japan miidc the imporLaut discovery [ the 
nio^t striking collinbniiou to astnitmtiiy that has ever come out of 
Asia) that ttic latituclc^ of all stations arc affected by a va rial ton 
that dt>cs uot dc|h;nd upon ilie lon^jittidc but w'hidi h the same for 
atl points in the Nune latitude- In other woriU there present ^ 
variation that is not due to the wanderitigrj of the iMjle. I o ascer¬ 
tain *tTore dusely the nature of this temu the International Geodetic 
Association exiemied its latitiifle service lemporarily to Uic soutbciti 
hfiuisphen:^ \v\iU I he result that the tertri wvts fowtnl to ite oF pre^ 
cbely tile kind that ivoitld be caused by an atmual wamlering of 
ihe caller of gravity of the earih to anti fro alung die axis of rota¬ 
tion. Tills mu;^ he regorded merely a:? an illuiitration and tint a? 
an explanation, For ao g^e^lt a change fabotix three meters > in the 
[iQsitiou of the center of gravity is excluded uii oilier and very con¬ 
clusive groimd.»T. ^I■Q phiiidlile cxpJaiiaisou for the Kiiiium tmii 
kis as ycl made its appcaraiicc.^ and as a consctpience the reality of 
the tEiTO has licen i|Uestioncd from every possible [joint of view. 
Many cx[slanalimis have lufcit atlvanced. cadi of which nought to 
account lor the tmu as iiicrdy an instriuiieriial elTect or the like, 
just a^ ivas the case iweniy year* earlier w'ttli ihc ivhulc of the lati¬ 
tude vm-iation itself. .Against such aUempU the Kimura term lias 
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belt] itp very It is not too mneh to say that at the present 

time alt but otic of the numemus explanations of this class have 
been disposed nf; this exception deserves a brief mention, partinl- 
larly as it calls loudly for the atlmtloni of the meteorologist. Let us 
suppose dmi the layers of ei^uat density in the atnitisplicre above a 
slattern arc luol borirontal, but tliat they are sensibly inch Red. If 
this occurs without our hnowleilge, a? h vvould under ordinary dr'> 
ciimstanccs, then we shunlHl apply refraoEion to our observations in 
3 slightly (nroncous way and w'c should derive a value for the lati¬ 
tude tliat li fiot quite correct. Let us $u|ipose further that this 
effect were a world-wide one and that in any given month there 
would be a pronounced tendency for the- inclination to lie in the 
same sense in all latitudes, north and south, as well as in alt Icmgi- 
tudes. Tlien we should ha a set of circuinstanccs ihat would ac¬ 
count for the Kimura term as an atniospberic effect, and therefore 
It would be excluded as a real variatioti of Isititnde. So far as the 
MtxononicT is able io testify, the rvidence is against the occurrence 
of such tilts in the atmosphere. The tiiclinaiion rKiuired <o account 
Epiantitatively for the aniplitudc of the Kimuta term is over tw*o 
minutes of arc, nr a sTojie of abutit one iiart in fifteen hundred. 
Presumably m a few years we shall be able to say sometliiug more 
definite as to the possibility of ilit existimcc of such eoiidiiinna. 
My own opinion b that this exjilntmtion, libe so many others of 
similar character that have liceti suggested for the Kimura term, 
will be fotiud untenable. Funher I ixtiiurc to Uiinh that laiitutic 
variations as a whole will find their explanations lessAt, the surface 
of the earth and more in its inierior than seems now to Iwr Uic 
generally acceirted opinion. 

AlUjCHEXV Ob££i-VATUttV^ 

USSVIIHITY 01 PlTTsRIJfci;^^ 


A PRACTICAL RATIONAL ALPIUBET. 


BENJAMIN SMITH LYMAN 
{R^ad i, /CiJ-.i 

How to reform Eiigl^h ortho^rapliy^ awcl retluc^ h to stiripte 
rcjfobriiy lA *m intcrc.^tiirg probltiri. Rq>caiefl effort - have btcti 
pcnsistcnily tit^de m ThM dirediem* Attioti^ othen^^ fjverlmsty 
enthusTa^s, in their disj^si at the irrcgHbritie^i nnrt phonetic in- 
ade<|uacit$ of the cstaLili^hril Etigli^h ^prliing, itavc iniisted tbal a 
coitiparativdy Jew of the most flaring irtei^uiaritiei should he 
“Amplified"* at once, hoping that bier on another brger of 

correetionsmay be atloptetl. Of coune, sodi allerjlionfl from 
the esiabl idled iiiage niii otUy coftie ^dually iiiro g^end# or citab- 
Itshed, usei not fn less than fifty or ^o'eiJiy year?! as may be 
in the few stJtal] dimiges iirgcd by Koali Meanwhile, if 

the aheodpEis meet with soinewhat wide aeceiitance, there mwt he, 
on the whole, very greatly ititrcasetl irfefiBlarity in hbigU?h irpellinB, 
approachittg, imleetl- chnatic lawlessness, lliie re|ietUii>n, and dicrc^ 
by proliirigaiioii of ihi* fuiiiifn! niinily ectndUion of our orUin^^rnpHy 
in such an ill'^tisirkrcrl effon at rcfora muit remind cine or th^ 
pretetnied humanity of rulling off a dog's mi} hy srage^ of an inch 
at a time, Wcnilil it mvt lie fjsr iMaier to deebsc a practical and 
ihoroughgoiiig ^yjiem of ^irTfiography to l>e uscif alntigside of the 
prestTii eaiahlidled and to become inon; and more iisedp 

imiil at last, ti may become altogether a<Iopicd and miiversally tiised? 

There stre ^scrinuj diffitmUies, however, in ictiiiig up a practiad 
and thoroughgoing system of orthogmpliy* Any plan of reformcii 
Orihograjjfiy should never fnil to fn mind tile necessity of being 
thorcmgldy pracik^ih U the Itast hoj>e be cniertaincd of iTs 
into iiiiivetsati or cvm common h ttsc. The gre:tt+ widespread vogoe 
of Ihc Roman tiJplialjci is donhtle^s due to its even rmh simplicity; 
tend m many hundred years il has been impossible to ijitTodnCc intn 
general list more iJtan a very few esttittisely simple moijifications of 
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the (iriginaT forms of the letters; is for instance the t:Hi 7 riUum to 
distitigiiisl) G froisi C mjil the distiiictiott in'twevn J and T and 
between U atul V, wliich aiJ!>ear lo be still struggling for complrte 
prevatoice. It mav, however, l« Imme in nthid that imtable addi¬ 
tions to the Ar:ilriir aijihaltet have been made and iCcqjltd in ordcr 
to express atlditiomit sounds in rersian or other laiigungcs; iiiit il 
Is iiDticvatile that tuch aildcd forms are strictly in teqtlTig with the 
originat chameter of the alphabet. The Russians have also sinjiigly 
modifted the Roinatt alphabet, and not ahv-ays rjuito in keeping with 
tlic rude suiplitily of iU general character; yet have e.tulilished h$ 
use throughout n great empire. In pritiwsiug new' forms of letters 
for newly distingtiisheil stnmds. it is ecrtainly advisable to main lain 
some restraint itj>oii one's fane;-, lo adhere to ihr tummt stniplicity, 
and lo tlcpart a* little as jHtssiiik from the general dniraclcr of bare 
simplicity of the Roman nlphtiti«. making use. so far as |»ss'thle, 
of old devices, and putting forward as few ijoveities as poasthle. 
to he learned and made familiar, ll seems highly ilnintldc to avoid 
the 11*0 of flUogctlier oullaJidish forms like the fully ohsolcte old 
Anglo-Saxon letters, wholly out of kcejiing with (jur modeni 
alphahei; or lo offend the eye by intermixing italic letters with 
Roman and by other iastcli^s similar devices, nr Ity interspcrsiiig 
inverted letter^, though to tie sure of gnml Romtin sha^je. Almvc 
all, however, let ns avoit! sqwratc diacritienl marks to distinguish 
sounds, marks that arc a nuisance to write, an oUnirity to rvud. and 
by tlieir oetasional forgetfut ntnissioii a fruitful source of midcad- 
itig, Esxtccially the msc of dincrilical marks in 3 way ojj]«sed to 
their time-honorc'd signiftcance. is lo be rcjJTchcndcd; a* for example, 
Ihc itse of an acceitl to imlicaie merely the tciigih ^f a vowel. Such 
practice ha^^ mtri«l cfliiimotdy into varinns errors of prommrbn Ion 
of M-nie onetiml wwJs. \\e shall we if Jliere be any wrimin 
diflientty tn getting handsomely along without attv of thfwt luistily. 
Inconsiderately adopted. lati[.ti.,g. shallow, easy, hm tcrrihkv make- 
slnfts. There are fome resimints, or gnidts. which must ojgentlv 
inflneuce our choice of leuers or symtx.Ts to be nse .1 in indicating the 
uiffcn^t sounds of the kngiuigt J, |,igH|y de.sirahlc, nr ab¬ 
solutely necessary , that each soiuid should be iudlcalHl hv only cue 
letter, aitd thiil rach letter Hhmild have but one sound; and it would 
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btr absurd to sicknmTlctlB^^ that t)Tmci|.>ki iitid tbcii as in V^objmck 
and Esperanto, at the very Outsw^i |ji\ c lo ? the Mimtl of two letters, 
merely because it hapfrfiis to have those sounds io t^rman. 
Another itnpoftant principk i5 lo give lo letters or devices the foince 
that they already have, and long have haih in the langna^^es where 
they have lieen in vise. In ^oieraJ, the aistomary practice of the 
niajority ^Itould have ^way, retfiiiring the fnmimttni of m*w learnings 
As Ilnglish is far and aw'ay the most nvimcmitsly spoken lan|fuage 
thmiaghout tie world, Lhr sounds to lx attributed to the. consonant 
letiers shnutd be as in &tgiish l though, dwinf; to the extreme irregu¬ 
larity and v'^ujety oi the iLfij^lish vowel letter^, the>^ mmt give place 
io letters that arc! more prevalent in the otlier EurOjKAn languages. 
The English consonant y, for esanifitcp should he Ui^ed; uot^ as tn 
Esperanto^ the leltcr /» which hn?- that sound armmg the ccimpam- 
tivtly small niimhcr wito use tjcrman aaid Iialbii. In Volajjuek, / 
is made lO serve for the luigli^rih jfi, a nuwt miicatd-o( use. 

In English, the combinations eft, sh, ih and teh each i^ used for 
a single sound, and it ip desirable TO stihsiitntc for it a :iiiig1e letter. 
^\'^nlld it not Ih; highly prartietil lo write lliose sounds by meafis, in 
eHiCh caACi of mefcly the first of the two letters witli a suh^crtpi 
smalt ap[>endage sonievvhai sinuLir to the old device of the French 
cedilla, though n UUlc difTerent in form, to fcprcscm the letter ft^ 
and having a more or lests iJistaiit fe$rtiiUIaiicc in it in diape? In 
cursive writing, the resemblance to an h need not hy any uieaos lie 
close, :ini{ may be really abbreviated, as there would he nn ibiriiger 
of misiuiclcrstanding. V\> have, lherdj>» four new cliararlrrs w-ith 
hut a single device to rememlxrrj atid {hm tmt a new «rtc, ami the 
new forms are entirely its keeping wdtti our otfl alphabet .and with 
already customary mctlu^N. As li> the sfonnd of eft in church, it is 
sometimes ntiinitainftl that it is in reality a snutnl efnii|>ounflcd of * 
foltowcd by ^ft- Bnt that is clearly an error; for even tlie car can 
distinguish a flifTcrenee in Ihe sountL^, an it I he pmmd of c/i is as dis- 
lirtcity diffcretsl is the :.oimd of the opening or closing of a some- 
tvhat tightly swollen door, compared To the mild cLijipftig to of a 
welt-Jitdng dosure. The pecidixirity oE ihe contact of the tongaie 
and roof of the mnuih, wish the con-:c*4drnt vibratioits of ihc njof 
of the month, occasions a pccnliar 5iOund different from I swifl from 
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A corresponding^ difference occurs^ between the ^und of a 
imack with the lips and p or b. The sound of as in pleasure^ 
ivould* ol roiirse^ be Indicated W s ^vUh a snhscripi h. If it Ik* de- 
$iml (unlike ordinary English) to <ii5tingviTsh the $ottrid of in 
fhh from that in thin, the togicaLly analogous and simple mode of 
writing it would be with a d ivUh a subscript A, llie wht?^pcTcd^ or 
surd, heard in the word hiu% might nlso be indkaiorJ hy a r with 
a sulKstripl The guEtural sounds indicated fn oricmal trans- 
litcration by kh and gh^ would likewise fie represdiitotl by k or g 
wdth u subscript Ijh Until types of these new forms aft- to be had, 
we may provisionally^ inslend of the subscript h, use a ?iimdl h at 
the side: cj> Ji. yjt. Tbt sitnpic ^uud w'Httm hi 

Eitghsh with ng should be indicated (a?^ proposetl wi long ago ai 
Berijiiniin Frankho) by a ch^meter siruilar to a ^ but with the upper 
[Hitt in the form of an u, for which thi^re is already lypc. 

Other consonant sounds. I he so-e^illcfl cerebral squud*^, occarringt 
for example* in the Sanscrii and iit ihe dialtci of Fcking, could be 
simply mdicatctl in a siitiilar inaniicr, liy gh'ing to the upper part of 
the corresponding letter the shape of an r: nii^ttr those ^unds are 
made wdtb the tongne rciUed up, as for att r. tn Sauficrit. such a 
niodific^ition of sh oaiir^v and in the Peking dialect y h so pro- 
Timmcttl. with the tCFiigut foiled up. and may be iudintcrl by a y 
with the upper right hand fork in the sliapc of at! r rprovisirmriUy t;, 
and vO- 

Wilh thrfM? frajr or five ^linif^lt characters* wc have llicti a fttll 
snpply of consonants without gotog outf^Jde of the ordiruin' Faiglbh 
usage: Ik c. ch. d. dh. f. g (always as in gitr, grt), k, i «r. w. r. 

sh, #p ft', y^j:, nniitting ajid .r. as snj'H.rrKunus r and using 
c. only with llie =^tiliseTipt h. Indeed as the c b (inly so usctl, even 
if the subscript h should lie omided tlicre would fjc itn danger nf con- 
fmion, and c would h;>vc before all voweb the same ^unrl that it 
ha.*! rn lialbti before r, and *. H is someliiui^ rcekonttl as a con- 
$otiant, hut, of course, ermjicousry. as it h llic whistiercd form of 
the vowel that follows h. 

As already miimaied, order out of the chaos of Engtisli vowels 
lA only to be ottaintd by adopting the n^ore uniform fsTactiec of the 
Eiiroimn cootiiicmul Lountries. whb as in a as rn mdr, w as 
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in mh, i b& in piqiit*^ i:* ^ in fnr ihc voi^'clii* iimst 

aLandon the hope nf in (Healing by a sepamc character ever^^ one of 
iht infinite number of sHades of soutiib a few of wtiich occur in 
such ^jcric& of vowels as in : hah^ litirt, hiiiryj, Harry, Jtid^ hot. 

The progress of efilighimment in thoniands of years has led to far 
greater nh^cty of jlif^tinution in voweJ sounds than iv'as common 
formerly. But ttiE^ead of five or six vowels that il was then foiitid 
worth while to jndicaie by separate eliararters^ \i wotilct notv Inr 
hardly practical lo liave distinct kltcrs lor tni.ire than eiEhtcen or 
twenty vnwd$ ajid tliai nuntl»rr may tNf very practically nrranged. 

A rlifficuhy in bringing into gcneml use any such sniucwhiU 
nicely adjustcfl system of indicating the fxjunds, especiaUy the vowel 
wnmds, of any Utngnagc is that ihe pTonundaNoii of words is iJif* 
ferent m differriit ftgTons and even among- different intnilics and 
[ndivhhiaLH of ihc same rqp™' riaj% even wdth the same individoiil 
aceonlriii^ tu tarying cinpha^ii in differmt cotmpctions* as tn in 
'Agoing In Boston/' and "to ^nr\ fro'* and the pronuitcialion wime- 
timi'is varies ih rough ibckness or sloTenlincss of articnbiion nr 
tuiundjition, aft in s-ub^iinting a flight voivd sound for ihe con- 
5iOiiaiils y iiiif! w in such wordb a$ ffrey and srtou^ nr tti dropping r 
altogether after a vowel and before a consonant^ as in irrw. Himci: 
strict regard to phonetic^ would give the same wont several dif¬ 
ferent formic piccording lo the tatte or habits of ilifferent writers, 
and stand seriously in the w'ay of the imifonnity of spelling that 
xvrjubJ be extremdy desimble for at icasi a Jiteniry language to be 
mctl in common hy a nnnicrcHUi people. 

.\s regard.*! the vowels Prof<^^r Samtiel Ti^rter over forly-eight 
years ag(v in the Amrtkait Journal o/ Sdeitn:, Sqitemhcr, rfSW, 
cutceHimtIy classified ihe readily lUaringuishablc vou^cl sounds of 
IfatgUdh untl other |nmdpa! iLitroimn languages, mid .irranged theni 
according to their ptiysiolojd^^Jil uio<k of fonniiliofi, with st ^iniple 
illusiration indicating nine liiiTercnl parts of the mouth where the 
longtic is^ placed to give the form of dvliy, ivhich with the issuing 
breath I will produce each vow el sound. So sinrtde arc I he [>lan 
:LTiif tliL- tUmlralioci that they have Iwrcn fJCTfcclly successful in iii- 
diiciiig Very Igurtrant Oriciiials tin luiba and (lunn^ to iiidicaic 
thornughly and dimply the mode of formaiioii of some of ilidr most 
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peculinr strutirls, which to ordfnnrj- foreigners wititntn Portcr^s |iel|;|.. 
and with nierdy tlic e:ir as a guiilc, are iitvstcrtoub and Ckcii con¬ 
sidered quite unaliainable. He dtstinguishc. nine points at' aludi 
the loitgue is placed, and at eiich of those |M{iila. four degree^ of 
openness ; n^iking therehy ihirty-sui readily ilislingiiLdiahlc vimds 
But 3 tiituiber of Uicm are not in ordinary use, and are ihereiorc not 
to be cflosidcrcd in any orthographic scheme. A fetv adtiiijonj are 
10 Ih: uuide on aocoimt of the effwt of stiffetm.g the lips, changing 
the Stiund, In order to accommodate ourselves to this dasslficaliott 
ot the vowels it is desimhle to add to our Inters » (not a new 
eonitiiiation) as ae in Garicm Maidchni, tot the souml of u in 
rare; and oe (again not neu >. nearly like the oe in German 
for certain dosdy aJliei] sounds; and a new character, tike the 
Swedtsh a, witlt an o over it; hut contracted into a siiigfc form, for 
the sounds. Jifce a In ttar, or o in (ord. or oa In btaad. Yet another 
new form may i«t added, e svith a stroke like an accent jnst In 
ns Icit, to eorrespojid wiUi rite Trench act,te-accented \\V have 
then, nine characters for Porter's nine gronps of four vowel, each' 

f„ ,ta if „ch p™,. 

S ffenne only .o ,l,c dog™ of do*no„ „f .h, ,„np„ u,, 

!J»o m .be n,o„ih. too of ,1,, f„,„ 
iWtore ,l,e lo„g b,. „„ 

dooliiog (..-.ib ,l,Bh. contrsetlool ih, v„„ 

M the «,«^eb, coo .n bke moooe, 1. 

olo^Se^” '■““"'’"I ctaraelor of oiir 

olphobe . totil o[.|.ro|,na,e ty,» f„, p, 

ere ...gfl.. povo.onolly „,e„l, doobk ,he 

a. etc. to one or loo cases ilie moolicr eon !». increase.1 1 v 
o.d,co,.ng o labial „,odrnc..i„ of .h. „,o.„s 

lipnghi Stroke, an ahbrevialcd i itwvio.;.:,. n ' ^ n «nnil 

the right liflinl of the fcitk-r, l„ thj^ ^ «<• 

with aWm twenty vr^ds aiiiiaraitK a * Pfflvidcd 

EogliA laogoage '' “H’V 't." 

Let us now consider the vowels one hv mm ■ . . 

in g™., t. .1... a o, M. pg. X”r;bi”r 
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and CAfm iDiig''^ juid that of arm, fhar^ic is still faroadt^r. 

The twn Inet would ihertiore Isc wrilicii with a doiibk letter 
(provisionally aa); aod there wouhl l^e uo Jieed to itiHingufsh 111 
writing iHitwcpti ih^e two, because shm is dUtinction iznough in the 
following r or /r. 

In group IT. the tuo cteer vowd^, w ( King) in tvar, 
pdtise, or (r^hortcrl a!!, tmtrr, tmiif, dauifhh^. arc Iwth labially 
ruodirtccl, 1^ ^iffcning tlie Eips; and can be $0 indicated hy mcan^ 
of a small upright Stroke (an aTilirevbtcU I jirovisionaJly a ^mall 1 } 
just to the right of the letter. The Insiger vowel can Iw inrliealed hy 
iloubting^ as already drpcrthet!. The shunter and not htbially modi¬ 
fied vowel of the second iIcKiw of cipeniiesi is heard tzi the word- 
Salt,. ci/fAojjgfi, horror; and ihe third flegree r>f fipctuieH>f also 
not labially motUfied, occurs hi sad^ 0^, tt^fiiih tiiitwh~d(ff ^ ami 
may l^e written with an a comhiitCi.1 with an like fclie cojrtspcmdiftg 
Sw'ixiish tetter bu( more comnieted. Thc^c two elttitety similar 
vowtI scarcely lUstingui^jhalde hy ordinary' ears, it ^eems 

hardly worth ivhile to proritlc with separate letters it hough the 
distmclion of the third degree might be markeil hy a «nu!l 3. jusi to 
I he right of the letter)* Tltc fourtli degree of ntjenhes^i docs not 
^tccur in oniituLry 

In grou]! 11 in like inarmer^ the least open voweh a-s in wohv 
toti*, huff^ doar, lM;mg lotigcF, may Iw w^ritten wdih a 

double kllcT (like the Greek omega) 1 pr^ prri visional I Vp by a rc|X^ti" 
tion (if the single letter, i^n ; and might be iliarkeii as lalHalty tuoiJificd, 
ill the way alrc^idy indiciiled. But ihiii U hardly ncccs^art'p 
til English, it always has that niiwlitu^itinn,^ making it nnticcc^saTy to 
tfTFirk it. The next d(‘grf?e of openness is likewise always I ability 
modified, and being sliort would be written with a ringk- Irttcr, It 
is also disUngiiislirLl by liefng an tniaecenicil Vfiwe! Tlie third 
dcgrijc of fir3eii!ics;i, a* m dai, fatfy^ hioc^, ryr 

a short o followed by the eonsonanj y ^ occurs only in accented 
syllables, anri k thereby ^ufhriemly ili»linguishe<l. 

In grraip TV, ihe \m\g ^oitnd of the vowel in rwfe, jurr, ftja{, paal^ 
iiiiJtfJi, 40i4p^ w(nild be WTiiten with 3 double vowel (prnvi- 

iinnally hy miL while tlic vowel of I lie second dt^rec ^*1 i>|M^rmcss* 
as in full, pull, husom^ nwndn, ^hmdd. font, honk, wnidd Ik 
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VOWELS' 
J 


TNI^DtACmltlS 

cer. Fi«gi ftus^. s. 

AM. Jfl^^ft.O^SCJt^£E^3E^I^S 


<CONSOWANT^tF&Rfih*ii 4 fl^,fQr*h^j;fur pjj aihu ,4 

PwlujuMB nh.iT i forfpuliih iLl;i« wUh 

TDliEti up tangle,:! M VI F corabiffid nin SviKTit r 

UfW,,KTl*lsBaiWldJ*Pfclf 4 ^^ ^4 ■ 


iLA. JL.«, B kd h^l.-Ji 
4.UT^]4tl.^4h4idl; f*4L*4is,^rTi, 

2 .«}TntA£lwT^rrT: 

ILAn A,^,^ 

i^dsin roii', tdciliiw,k^i^i^PTe»(]isfn hm^u t ^ \ t 

4 tHol in goad *J'**““*-"«*«t J»^.»ii*,P^fiai.fl)r.bc7t^ 

IV, II.V, B.U.tl.U. Uj« 

V. ce.ct,™,*:, a/X.« 4 a, 

ftlEAse ifllnl^n— 1 ^ 4 *Grrnttu!^. TrinchtliJ 

A..41 \n 

vl'x 1 

V|l- 4 i.fi* £■£#iQkC.. 

vnL«£.*.it.<. 

n t»at in ,th» Fnsxfc ^ J 

■tK- L ?* 
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written wstfa a smgle X^o(h tliusi? vnwclfl are kWallv inudiriiMl, 

nnd might so rmrLnL tn the way alreatly Inilrcatcd^ bwt it ia 
nnnccc^san' so to mark ilienij Ibecrmse thcr^ is i»o YOwel in KiigliEh 
with which they eoulj bf cfl^foumlcd. In the third decree of o|M!«- 
tile unaccented voweb in £uvit ocettr: hut 

iwrilfai mih a single letter) are snflRcienTty dti^iingni^hed hy ihc 
absence of aoceni. 11 te fniirili degree of opetnte^ dow not occirr jti 
IpxKl English. 

In gmitp V"s the (irst and ts^ml ilcprees of openness, occur m 
the fnrmon oe, :inil the French cti i nearlt^, iliough not qtiilc, the 
samej ; bul not in Englisit The sceomi ilcgnee of ofKiitms wiilioni. 
bhial mmlificatjon occtit^ in Engtish onEy before r as^ in nim-y* 
tTi r/ur, ipiyrll^p i^nr/, jpearl^ ^arth* and mny l*e wriitCH wilh a 
single letter (a). In the thjril degree of opentntss, likevrtse i^hori^ 
anil to be vvriitei> with a single letter* neenrs the tnouml 

r-nwelp acccnlctb ;nid vvidmnt f. m uft. fciif. Tn llie foiirtli degree 
{wthlcti with jj ilouhle vowel), 1oiig% occurs licforc r the vowel 
Sound id frorr, oertfr. 

In group \ the Imig somitl with a double teirer rfntiMaioinilly* 
ihc amgle Icticr rqieaied, a: te), f* hranl as the u in /’nrrni, cj hi 
ihrif, ijt to /air. It the fifmian ae in Mufitrh^n, and the French 
in The second degree of oficnnes^^. with a 

shigfc letter* is heard in ^/tcre, ^ffV, ptirV - in i?aeh ciuse 

fnilowcri by the w)um1 r^ Without that sound of r, ilic third degree 
nf crj>t‘nness gives Ujv* with the letter* the a in pf, car, iwmi, sad, 
hap. ITie absence of tbc r innkea^ it iinneces&iry for ibcin to dis- 
tingtiish tie two sliglitly diflerent vowds+ 

tn group \*It, i!ie fir^t degree of npennes’> with n "Inubte letter* 
or, pronsioiuilly. ihe Hiigte Jotter rcpcainl. c^"* give* tia tbe if in 
thr\\ ffrrVf amj die like soimtU in piainr', rrin* #iaj7, pay: 

the Cjmiwn wn?/ir, /iv/cr. trdifft SVi*. The second degree of open- 
iitrss* with a shiglf leiiPT* gives ii£ the 0 of Unaccented syllables, as in 
nhnitr, dimatt. I1ie third di^rcc of ufwriEt«s^ with the same 
single letter* oemrs fn aecenled sydbfiles* in rfd, wnd. 

Ilte fmmh dcgTTc does not ocviir in English. 

In group VI11, the first imd fourib degree of ojjcntics* do nut 
ixvur 10 EdgTi&ii. The first one^ to ho writivii with a ilntdile letter, 
rmua. 4MKK. rttiL- i.rr. uis v* rurptfricii FruaAiiY 35, toi6. 
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occurs in llit* Frciith aattC'accciiteEl f ninl qL "ITic s«xn)(t dtjjrcc 
of u|K:iinf!s^ (written with a single teller, pniiisioiialh', 'e. w f wilJi 
i smalt iipr^hi mark, or ligiire i. atiovc at its tch> wrurs in Eng* 
liitli ill unaecciiitx] syHalite? iHity, as in guinfn, Vfdtey, carru'd^ ei’fv. 
The tliirrl degree of oiKniiess ftilceniiie a siTHjle teller > differs So 
slightly from the sts'ond as liaxdty to need a wprate etiaracter, 
ainugti it tnigli! he inarkt'd vritli a miall atihrcrviated 3 put to the 
right ^<1 upper lart of the teller *’ ti occurs m the uiiac c^ti^t t 
sytbides tjaadnesf, cMtegc. 


iti group TX, ttie first ilegree uF »>fM!iiiicsL», to he niarfcctt with a 
(hiiiUle letter (provisSonally, ff), b fomut in the i of piqur, tuathmc. 
When this is taldaUy modtlied by stiffening the Itpf. it liertimcs ttie 
French H. as fn rure. and the German tr.-. as in wher, to he marked 
with a mtall 'iirolce. an alihrcvtated f, at ihe right of the letter Tlic 
^ui tlcgree of o|Jenness, to he marked t>y a single tetter, otmtrs 
m iiriiiccemcd syllahtes as in AiTituc. vehirlr. mitigate. The foitnli 
detrree of openmss doe* noi occur in English. 

We feiee, ihcn, f<ir tlie vovrcls nmcteai letter*: distingitj*htti-r alt 
die rcsuiny distmgtihliahb ttiwels used in English, tn two or three 
cases .he cHstmetion is bdicate,! by the accent in certain imac^ 
eented syllahlt^ a* in fuSfiU. ^ 

subsctitience of the «nmtl r. ns in ftirl Even these slight differ- 
«ccs conhl he indieaml by a scm,m!o,.v uHtcr with an abbreviated 

h^re y alongside, to ihe right, and at the upper comer, ot the 
Jettcr- 

taler*. ^ tato lor , .i„jS ..d, j,., 

ty , tairr. . 

li iifilcnlly lo |» hinita that ryoilitoB, ™me on. lonjojce 
n..y b«.,™ ii^yersah „| k„,*„ 

™s fortiiirly m wlrirtv knnwn yiTt.i - * ■ . 

dv-nw 1™ ”1“ rr!*' T':' "" 

mimermis artificbl biTguagc proTHm.il . " 'The 

s ^ l>roiKmil Ftrr this piitposc. even if not 
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lialik to the- sjsmu it^^jectiott, or to ^mtlcr croiUty^ an: ^ai Eiitilitionul 
lan^lfes to be hiinmL English alreadv known to n tnucli larj-tr 
]Uini4>cr of men I ban nny otlicr itiigmiejt. to lur, !iy ptU otUl^. 

Ihc ^idfiptin] to li^onir, |>rrliajjji wilb lilight modUicQtioit^, a uni¬ 
versal language, "fhe sinipiidty of its grriinrtiar, aside from ortbf^- 
mphy; makes it retiiarkabty easy for foragiiers to ainl^ for 

1J5C in uiiivty^I fomu tlit lively few irregukritiesr of gram- 

niiir might fondderatdy be e!iniimteiL so ihnj i^m ttniversal fonn) 
it might Le altmvei! t<J say mouses, msicad of mice, and in¬ 

stead of dug. Engiisli Itiis already i^liown its cafiueily to express 
()erfcctly the fint^f ilifftm^tionB of ideas and niust in that respixt f^r 
excr] tpiT artificial language, tike EspemniOT or ^ o3a|ji,uek. tvitli thdr 
niile^ bald, lack, for c3caTii[dci of ihe ilefinitc or indefinite^ antelr^ 
A Hitiniial, jjlionctk, pr^tctical ^[:)clHiig would, then, imike l^glbh 
idKtlly perfect for a luiiver^l langtiage. t.lcjiTly, foi tlial purpose, 
the n$age of speakers of 5oine ri^criu or of some degree of cultfvTi- 
Lion^ with *onie degree nf rtniihaiii^, Tims?! he ^lectert as the norm to 
which the wrrttim Iraigmige shoutd confomn tn order to make the 
w riting and ^peliing in ihc loain, though not aJwny^ in every nitnitte 
details phonetic. Well langhi rliildrcji eihnufcJp then, ever)-where k^am 
tn |iTonoiince the W'ords as they are sjjeirei!. and noi he iillotvcd lo 
ettnp The sound of r in arrrt^ nr pervert the L^f the Ktigli.^h long 

u (like VH. excei^ after the ionml iif ch, r, xh, efc or y). Normal 
Rchnohs shoidil trqin teacher? in ihcse details so that the children 
may he projHirly drilled. In that way the language would be rtghUy 
con^served, imd wonld tern I to hccf>me (n for tiniver!i^l wu, 

Hnc ^criou^ difficulty in fhr^ adotiHon of any ^ndi impiovenicnt^ 
of fHtr alphahci is that there arc so many men ivlio exect more in 
persuasive e1o^|uL■^cL^ in gift of the ptU*” tliaii in a rhorciugh 
knowlrilgi! of phonertk^ and inchuathiti to careful rcflcctinti, Cad¬ 
mus couki noi have been a ready tongued* tih^iltow nucrer or rapidly 
Wfi'biibbliug supeiilelal ih mights, A (jronp^ or coiwniittoep or siociety 
of sucli t|u{ck-writ ted imliviiliiaL'i ftHTliaps amte nf ilicin lio densely 
ignumiit JU to antipole A to be a con^ufant, iti.^Eead of ihc whispereik 
or snrd^ form of its following voweb or to iii.«ijRl that the English 
ch. anil / are conifKiinulett of ^oiiiuU di^tinguiiihiible even by lltc 
^r^ and as much itrtlike ihc real ones as the hnrsting open, or king¬ 
ing shut of n Tightly sivollcn door* h to the mild elajipiiig to or open* 
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iiijj of a wcll-fittlnp closure >. may make bold tn put forwarel [>],■ 
their tmiority vote some alphaln-dtr, or drtlwgnuiliic. system (as ihc 
/aiutncse Konuiii Letter Society did), anil may Trolly delay for a 
tong time the Hidoptiuti of an altogcthta- ralionat atnl practical uictbotl. 
It ivould be much. tMrtlcr for mdiviiluals to ilttir Own plans, 

and jKlt lli«n into use hy lliettisdves and hy a porfidn of the puhlic, 
Gmdiuilly, the best of Ruch plans whuIhI take the lead, ami come tutu 
more and more general use. without baviny to overcame at tlic outset 
the prestige of the dominaiil appmvvat of a higlvs<mndiiig sodety or 
committee. In any case, it woulrl clearly take many years tor such 
a TUtional new system fully to ■nippbiU tile pitseol esmblished usage. 

Mcinlime. ft might Tw advbahk to do sointihing towanis 
simplifying the lenmtng of the present eitahlishnl spcHinp, To l>c 
sure, the difficulty of tcarniug it Img bem iimch exiu^eralcd, owing 
to the Rcncnil txircnic UEglcct of tin- ^iudy. It Mcms. huwev^, 
tk>isiblc that the six wcek^ or <o that ajijicprs to he ample for a lialf- 
einouTi htty or girl to Irani lo siwH well might mlucol to n couph 
of weeks, at most, with ii properly arranged booklet; that the 


present multiludlnoils army of typists ntighl reailily fit themselves 
to avoid tortneiuing tlieir ent|duytri by iRnoraiite of so simple an 
un 

But however advantageous a simple, purdy phontdic sT>elMug 
might be to a defectively edtimled (ypist. or tr. an adult forriffner. 
let it not by any means Iw ittJ:^ginc(l that the Utuc spent bv children 
in acquiring our more complfcated established ortltngmphy 
Us,Iy thrown 3w:ay, (>n the mntmrj. it k a highlv useful discipline 
tint only tnmimg the nirnmry in a dnqile way, wdl adapted to 
young chddrcit. Imt giviafi most rnlnahk hsihiis of elow a„d amtrate 
minuteobserratioti (the [decision that is the tnnsl efficient aid to rhi' 
conservation of Sanguage), and ennldtng the enss- nndersiandtng and 

™».,Wri,« „t J 

?,ri. lKlh>l^ ™,w ,k„ by 

« , way not , n1„t „„„ Fntarcaine or •■iixtiitl" Oinn the oM- 
laslnonod nmldi. 'nic a.o,,a„ul,d, ™<»,i oat. o[ t„cl,. 

"f “»nl. W «irli total 

too Inn ol tom,no anrf d,t,nt, 
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I IKTBODL'CTJOKV 

Tills payicr h bascij upon ibui ctiltccled cliiring tlie of 

1912 am) U}i 2 , Tliir fpniier Mr. A. (>. Haycfr anti I'rof. vun 

Tngi;o of Princtfton IJnJv^rsity^ while making a sttidr of the general 
geology^ ^tratigraiiliy, and polieontnlogy of ibe. shore* of Cofietptiort 
Hay, N-ewfotiiutland, in connt^ii™ with the rnvtstigation of the iron 
ores of Great ElcH l$!aiifh came npiin the msinganireroo& rocks of 
the Lower Cambrian cx|x>.Me(T at ilaiiuds, TopMl* BrignSr ant! other 
places. Tficy ^^ere Immeclitudy si nick by the iinn^tta! iBholi^ica! 
anil lutiKTaJogicat chamcteTiSitliins ^md by the cTtcellcni stale of preser^ 
valion, jiarricubicly at Maituels^. t^f ivhat ate niKfoulitetlly primary 
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Wildctc] liq^osiL^. Some coll<^tii»iuj and tioim then mkcJt of 

rtjckip wer^' laicr |jlii£Cil at the nf tlie writer fur 

fimhcr invent lotion. ‘Hie folli'twiu^ dimmer ttf the writer 
R mciidier of the Prisiceion KewioiiisdlaiiFj Tlx]>editioji imdertufik a 
iiiiore i.Maikd s^totlv of these 4lepo^t$ at Hie vtiriouj^ loc^litie^ where 
tlsc matigp^rii^e had been foiitul the f^rcceding ^nmiiEer^ mi\ atsp nf «1 
de|>gau of ihc sarric on ntinJicrn short of Trinity tlay. 

There are sa few syiif^enclk manganese deposits \v\ndi sltU ndmii 
ihdr primary imaliered chanicters and sre found r>i neettr at the $anie 
horizon ovirr ^.iich a wide area tlmt a somewhat detailed invcHtigaiiQii 
gave promise of yielding rosdt^ of vnliie. In this paper UitrefuTT: 
there Iia5 Ijeen an attempt to present comprehensive a of the 
ititiiigaiiesc flf sfPtitheajstern Xcwfoitiitlhnd os our kstowlrilgc of 
this hitherto hut little invttljgated region will altow. 

TEic "vtilijcct rfiattcr h primarily dicmkal tti fiat lire and the 
atialyn;4 herewith prc^enteil are htm Miinjiks taken ffnin the prin¬ 
cipal maiigaiiese-t>earing beds Many more analyses however mukt 
have been made ancl In fact muny more should be made if the ilqioail^ 
arc to he seriotisly InvestlgHtcil fnr commercial The 

<d the mangaiitise l^etis si Manuels Tnps^ih and Smith 
Vouit, Newfoundland and those of the imported specimens from 
Klbingerodc. Saxony were made by the writer in itic chemical 
bhfirator)- of the geylqgicsil cIcpartmciH of Princetan L-juver^iiy, 

IkcaliM! of the iiiTjKil|xibk Tmeness of grain of tuauy of the 
mangajicsc-bcaring hedsi, the petrographiod descriirtionn of cwiiiii of 
the thki section!^ can deal unly with the larger ftahires such a» 
ture, nutierhi] aggregatiett^r antj a few of the lartp^r ;itid ohscrviilitc 
minerals 

The H-riicr ftcifi iHrticulnrly Inaebtcd to Piof. G. H. Smyth, Jr.. 
f^^r many Ucipfiil bearing n^n the chemical side of ibo 

inve!itieati(m, ami lo t^mf. G, van Ingen for tm}iufaliaheil iitfmmation 
n^arditig the itratigratiliy mitl |ial*r.ntc,li>E.v nf tb» region, as wdl as 
for the loan of the h^raifty ntajt. aiH data W lUc columnar st-ction» 
whicJi are the r«Hli, of arifn! survey* nm\c iluring ilie auuimerJ* 
nf I0I4E ami imj .M! fihoifigraplis atnl micrnpljoiogranhs were 
generously ontributetl by Vrot van I,^eu ,n f.intier 1 he presenttton 
of the remits nf thk investigfliinn. 
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CONCEPTIO^fl AND TRINITY BAYS. NEWFOUNDLAND. ^7^ 


IL i:yLNEHAL GEOGRAPHIC AND GEOLOGIC RELATIONS OF THE 
MANGANESE DEPOSITS OF SOUTHEASTERN 
NEWFOUNDLAND. 


GFiJtlRAriDC RliLATIOS!^. 


Hit Tiinnj^aMcsc dcfiofiiis here considered are located in ihc ramti- 
ca!ittJn part of Xewffujrnllaud lu the vidtiiiy of Tc^iisaJU XianMcIa, 
Loti^ Pondf Cliupct Cove, ancE Brigus on Coneq^tton sind at 
Smhli Point on Trinity Bay. Mangatie^c is aiso said to occur near 
Ships CovCt iTacentta Day. T}ie liccotitpanyif^ rmiL R& L slwjws 
tile atiproximate lucalimi of ihese deiiosiits. 


GENEiiAt* GedLdgv, 


The scdiriitmtan* rocks of this artrii are tnclndcd in the Camfirian 
and Ordovkian sterns and may be seen on the (Rg. 11 to 
occur as irrcfTHlar (ratches. ttu? Ordovician conifsosittg rbe brger 
ifLuid% of tile anil the Canilrrum c<OTtrring m irregular ami 
widely ^tuiratctE fringes resting; on ihe pre^Chnibrinn of the main- 
fan (L The wholir series consists almost wholly of sliaks :md thm* 
l>cdded fainUtoitcs with sonic Ihnestorves, ^tid in the lia^ t$l the 
tower Camhttcm m occasional crniglomemik Iwd. 

Tlie iron ores of Great Tldl Ii^iatid are Arcnig while the manga¬ 
nese and their assotriated green ami red shales arc of late lower 
Camliricm. 

Wherever the Cambrian strata have Iwea found iit contact with 
tin* (ire-Lnmbrmn an uiicxiitfimtiahle rciaiiceiship exists. TTie pre- 
Cambrian ruck.^ of thi& area as ctai?sificd by Dr, Wal^^ol^ (2t2i9> 
and by Messrs. Murray and Ilowley f iSj 141-154) respectively are 
QS follow's r 
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Ttic Avalonian and Huroniaii of Mr, Itcnvley mimsmi u ittidc- 
ncss of ia.3yo feet A liter itiipiihliihed estimate of 18^250 feel has 
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iHxn niiiik* by Mf, A. F, B^tciclitigtr>itp wtio U fltxKlying Ihit iirc-Cam' 
brian rtKiksi cjf this A brief cle5CTiptk>fi of these fontiatioti# 

at tills fmic will Ijc necc^saty a cotufirdicrnisite view of the New - 
founrilattfl manga dqioiiitit. 

Laurenti&n: Tbt rocks nf thU fornifltbn aire in great pan giicis^TC 
an [I granitoid, and arc probably ihc oldest rockf ot the area. 

Wwrnnr'iin: Thi^ fomation^ which Is equivalent lo the Concep¬ 
tion of Dr. Wakertf, coitBists |jrincS|ially nf the Conception staler 
which fire of tufaceoua rnarinc origm. They are intruded by boiiseo 
and dikc< of granjte^ liiortlt, nionionile, aud gabbro, and contaiii 
basal tie and rhyolite fiowii. The Conception fnmi;iiion wa^ e^fti- 
luaicd by Murray and Howlej' to liave n thickness of ^^,950 feet, 

T^rbiiyi Thin formation con^ku of about SkJW ieet af green and 
purple i 5 lau^ anti argillites^ 

AJ&m^thU*: Alt ^timareil thickness nf i;,iQoo ftci of broivfi and 
yack sandy shales ov^cilies the prevbns rormation. 

Signal I HU: Red ^nd green Mniilst^rticsip cotigliurteratcSp ^haleSp and 
arktntes largely of crnilincntal arigtn conifmsc ihh fonnatinrip the 
thickness of which U about *jjoqo feei according 10 an tiiipnblbhed 
estimate by ilr. A. F. Bmldiitgloh, 

/?uin/oiii; AbfUM ixoo feet tvF green ainl red sauiUiunc^ aud 
ivhite ipiartzitefi Tvitli occasional has^U flows ccusqjrise ihi? scries. 

Miiftay ;i,iiiT Efowdey in JJidr report of iSTiS for die Gcnlogical 
Survey of Newfoundland deseritje the gerirmt simetiiral feature' of 
the Avalon Peninsaila fallowi?; 

The fegimi iii Uttwtion, tn jiartiailirp »tLd rrobshly the wiwik {iUwl th 
f;-rnet^L leetni tjf» liC ftmitsf^cil in art nUtmAlidi'k of oiittclliuil ^picimal 
lines, jjulcijendcrti of mnuiritrable mirroE roirb, whkU jiresen* thtpughont 1 
rffnnrksihW degfre nf par^ltclirtru pniTitiari nmrrally K-NE and S-SW 

ftijin lUt true meridian^ ciifTes|iottiling whh j 1 it itrcmifty maHctd inHerfafimtt 
of the com flji VitW bH the tofioicnipldral of ttn^ hiuikit. ^uch 

great BiiUcluaal form occm^ wlthm the rceiock examEntr^L tliii vear, whh 9 ber- 
rejpejoiiiog synclinal 1 thi: 9x1» of fhc iftrmff wq* found to bt itiarc tir tw* 
nvcrTalit unrofiforTnalilv hjr wik-X^* or]niUi.itikg oi Lower SiluTiaii ngc, 

fWHc uf whitJi •riierr ol Im mmJte atuiqdty thqn \mh nte attrthiited to 
Lhc hotiiron of iht UJIttEr Potr^taill gTruip" 

“ Tlie axts of tldi aiiitchiTaJ nirtE. In a miulcratcly itr;iip|hi line f™i C4pc 
Pine on (he louih Ooait ro that pan «f die Priiiofuhi atLif rouiing up from 
below tlif loiermetJ iate Sertriv Occtitoct ith*k frr fei'i ot die Riirlacc Iroin 
lEic viriniiy of the Rtnrw^ Bmierpou lo the diOir«h of Cottteiuioa Bjiy be- 
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twc«i Hulyr^juU ami VLtEiy^U IhooJiE- Thu nc'Vfr of Grtit Ititennediiilr 
Sttnc*. fl^nka tiiii [^ureiitiHn Xii£]c!«, wns lumul yfi tiie Pflnicifiula 

yf St- Johns ami Fcrrytaiid 10 shn-vu' a gpntral tli|# w thti atlljounh 

tn^hhif FTiiitiy mitiDr utirinlaiians; vfhile on Uii? t^;nim^uLa ticiween CariMptinti 
imU TrtPilty ha}* thr invlimfimt K mn>a1, inrinH rtrarty uoiformfy wcsterSy* 
makimt maiiy rrpotiLiijiaj of iJii^ simu itrau [lowti vn a* the iiEiF<oiit£ lidt 
oi tlw; futit Corrtsjioiiifiiig witti thi^ tr^at anlklEmiL il]«r ineisiin: of Uic 
EutcrniHiaU' n>i:k>r nj ^rn qr (lari* th* emicm co:^st of Placentia B^y* 
a^ttcaFi Ifj I hr goimiEty cavti-m iHip wftSeh thc^ pn-suiif, |i> iiniiiiattf the axis 

fli A (yjidiiuti truuqli ti> run httm Trmilj Flay in iht lUmlitin of SL 

As striiclfiral work of a rectiMim^saricc iiahtre onlv h^i. ihm far 
bt!td pithlislict! in reference lt> X^^wfoiintlknd it \b hoped that this 
most HitcreisHng gf Rculog^’ of flic island may l>e invishftated 
in the ticaj future, 'I'lie f<»llou'iiig iocalilv drscri^Ioii!* will take up 
briefly flitse smaller ^tnictiiral iea(inra> wliich may aeri'e as a clue 
tcv Fhe more genenJ frtnicllines of the entire TnangHiiese 

iJl GENITAL STKATlGfEAFHV 

Tlarre very titltc ptihllshert information regarding the general 
straiigrapliy of (fic region tuicler considers lion liul a few oljservaJticais 
made ndtitc ntiisJvijag the tndivuliral niangHiic^ deposit* and ulher 
in formal ion vcrikifly eumimiideaicd Fiy tYiU. \iui Ingen may be of 
interest at ihi? point 

t.>ne of ita- tnosi striking features of tlic iiiangaiie,^^ deji^Krt^ is 

their ijcnurfence al ihe *3me horiiEiiii in %hales nf htr lovver Cam- 
hriaii age nl whtrly ^cfi^aratcd points oii Coiicejition ;md Trinity Mays, 
At each Hcposii, the matigaiitse zone was found to omir below the 
Paradoxtdis zone. At in the shales dir^Iy t>eU>w the tnan- 

gaiic?^: nodiiTar IjeiU* liKiik iif Prnlolmiis hnrreyi ( oral cnmmtmica- 
tioii by G. van Tngen J were found so that in all prc^hilhy ihe man- 
ganciW! h(s1s itiay he hichided in the PrcnriUnnt^ mnu of Malthciv^ 
(16:101-15,0. 

By rererrmg to the rolunnmr i^nionn ( Figs, 2. 36, 42. and 44) it 
b readily sei>n ihoi tfie scilimcnts cottAbt largely of shal^ and [Etne- 
stones am! that lliere is a wry deckled increase [ii ihc total iliickne^ 
of the lidls from Manueb where there arc 315 feet between the 
fjottom of the F^araclgxides zone and the lop i>F the pre-Ctmtboan lo 
Sniiili Point, Trinity liay^ wdtere over i^ooo feet intervene Iretween 

rnoc AHfhp fiiii_ »<Ta^ LfVr zwt *p ™iRTiti> mntiiAicv sj, 1916. 
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thf ParadoxiUcs zone und the (jrc*Caililiri;in. From the tjoltom of 
the Pnr&doxiflc? ajne al Smith Poitil to the top of the Smitli Point 
liineifitone aceording^ to a cjilculation ba^eil upon a c^trcfnl stadia 
traii&u survey of the shore lire (I'ig. 431 there 3 thickness of 546 
feet. Tltc total thtckiics; 5 ti the niiinher of limestone bedt earies from 
a few feet at Maniieb to 100' 1 - feet at Smith Point, nic thickness 
of tlic shales at Manuels Iktlaw the ParailoxiiJea zone is ahcint 200 
feet while the thickness of the sliales at Smith Point within the corre¬ 
sponding limits is over 4™ feet, on tiie assumption that the Smith 
Point limestone of Trinity Bay corresponils to that liincstone of the 
Manuels section which is Just above the hasa! eonglonicrate. 

The increase in total thickness of the number oi beds from the 
east shore of Coucqttion Bay to t!ie west shore withui the corre¬ 
sponding limits would indicate a deeper fionion of the Quuhrian sea 
when the sedimenu were Vwing deposited. The fact that sediments 
found hclotv the Smith Point lintestaTic on Triuity Bay are not repre¬ 
sented at Manuels would indiitote ilial scaimeiitalinn tiad been going 
on for a longer time in the w'cslern ponion of rlie (usin than in the 
eitstem. Wliether there actually was a greater amount of sedimenta¬ 
tion in that portion of the basin remains to be investigaied, 

As. very lUUe information b at hand ivhh teganl to the area of 
the Cambrian rock*, it i* ipuie out of the i|uc3tion for the wTiler to 
attempt lu ontlirie the area once (Kcupicil hv ihe Cambrian .Sea in 
southeastern Ncwfoumllatnl Jlurcover, ii fs likewiK iinpossihle for 
the writer to outline the original ntangaiiese area ns it lortkcd in early 
Cambrian limes. If tnangnuese uccurs on the eastern shore of f%- 
centiu Bay, as all desenptionG of Lfiat occijrreiiuc seem to inilirate, it 
ivould secui tltat the original area of the mnnganesc was approxi- 
mateJy aoo or 3^^ sunn re miles, assiiming n more or lt!ss otihing shape 
for the deposit. 

Althougli tile basal congluiiicrale at Maiitivl* i* eviilcfice of a defi¬ 
nite flliore line for the Cambrian ica at that part of the hasriti, there 
b also evidence at llic ‘>ther localities examined, where, however, the 
basal conglonicratc is not found bi any such large de¥d(,)ijmcnt. 
There arc littoral pre-Canibria« conlaLj* nl Topsail, t hapci Covt\ 
and BrigiiG; all with typical slmre dcfjosits. 
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IV, DETAILED DESCRIPTIONS OF LOCALITIF^ 

Mam.'£ls.— Manf^aiicse Is foimJ aj thin jaspcr-Uke liantij of 
greai aiul hrown (»br, as nodular bwls, amj as argil laceoi^s and cal- 
circoiJS hcds inltrbedded mlh green and red sluiles of laic lower 
Catnbrian age. 111 is tnorle of occurrence ii ver^^ well shovvn in 
iXarmeb! brook close by tin? village of ilanuds. The geogra])bic. 
geologic, uiid ilratigrapliic rebtioiis arc shown in Figs. 1-3, The 
Cambrian ai AfannelE consists in the main of shales with thiti Iwdded 
satidsloiiGs with cotigloiiicTate and thin liniestotits at its base and the 
sediments siunv [iracttcaJly no metaniorjihism tbrougbont tJie feries- 
Tlic strike ot the beds is 82 E (true meridiaji) and tlic dip is to 
N. One of the best unconfomKible eontacL', in tile manganese arm 
is lhal tti Mamtds brook at Manuels where the basal Cambrian con- 
gjgnicratc lies upon the Htirouianj, For a nmrv intimate acfiuaitii- 
ance with the manganese occiirrencr a someivbal detailed rlcscription 
of the straligraiiUy* litbolr^, iiiincrnlogy' and petrography of ihe 
manganese beds and their associated strata will iie ucccssaiy and 
therefore the individual bods of the soctioii (Fig, i) will 1 >e do- 
scribed in slratigrapluol order. 

210 A I, Basal ConglomeraiCH mie base of the Candinan at 
Manuels is made up of coarse conglomerate, eighteen feet in thick¬ 
ness, consisting in the niHin nf Itotddcrs and pchbles of Tgiieous char¬ 
acter. These boulders at die bottom of the bed. where the base of 
the Cantlirfan lies tinconforrciably ii^wn the lluroiuHn. tnc.iisnre in 
some instanees twelve Feet iti diameter, but they dtiUtiili'h in siie 
toward the to an inch or less. Tlie tnatn'x, of an arenaceous 
nature toward the. bottom, grades into a more calcareous one at the 
top where the overlying stratum is a limestone. 

219 Di| liniuiarie- This !k:<I is -t blnisti fine-grained to peT^bly 
argillaceous btnestoTie nf idmui 3 fct-1 in tliickncss. Tile pebbles 
averaging a fraction of atJ inch in diameter are aitgitlar in sulrjngttlur 
in aliape and appear to he of tgnet>us rocks. Ptetopod shells chiefly 
of the gentts Colfi>hidi'.r atvjiind. Microscopic exam[n.ntion proves 
this rock to be a sonii-erystaJUnc, fine to locally coarse grained lime¬ 
stone, Tlic texture is very iiiggesifve of organic forms, being an 
affiregate of elliptical lioitics, possilily algal concretions [or "cojiro- 
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Nanuela Tliuer 



Fm^ s , ^Cohiniiisr tn^lon tlit dPisit^ 0I the iCJit iti 

tlie L,vwcr Cambrian of MitnueU lirook, A iuii) B. 
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38^1 DMJ^-CAMBKUX DW)SITS OF 

Hlc ootc similsir lo Uiat Uy Philijjpi hmu ciff llie CmigO 

moiiihs—van liij^cnj, Tlie^e bariici contain sKgrcijTLtions ot caf- 
bc»Ti2ttc material prohalily £?ali:it«, wilicb have no defitiitr c^rkiination, 
llie section aboiituls whli [rturoiKKl shell friginctii^, (lanially re- 
placet! with cakiEc. C^lcitc sind carljonate niatcrbl coiupriM: the 
greater pesrtion ot the sectbi^ but tpiarti occurs as m frequent looaJ 
AegregptioijA ^nd ai irregular gratus. AN rite and beniatuc* as well as 
a few pink aiul litciv^n siaincd arx:as which are possibly secondary 
products of manganese aiul iroik are sparingly presenL Ka analyds 
was made of thi^ rode lutt w itii the sodium carbariate and potassium 
nitrate tiead test a ntangaiiiKe reaction was 4-Ftiiainefj. This bed is a 
bhiisH argillaceous mangguiferous timesione 

ai9 B overlying the liiucstone. is a browmbh weathering olive 
green shale, 

219 B 4 is a lM!d of red shale, the ujjper surface of witich seems to 
Ik; limey- The upper 2 inches of this bed has a wav%' stnicttiru aiid i? 
sottiewhat greenish in colon llicroscopicaliy the bc<l h found to be 
a hetnatltic shale with occasional grains of un^rtz and thin rcct- 
aitguiar ladis of feldspnr. Magnetite ant! pyTite are found as irregu¬ 
lar gnilns in sparing ainuunU, 

ziq B Sh With a 5hur(i contact, the red siiale is overlain by a 1,5 
foot thiek lied of nodular and pebbly reddish blue limestone. Be¬ 
cause of markeil litliologiizal differences this be^l has hem iHvidcd 
itito four smaller s^UUdsiotis which are lettergsl flp b^ c, nnd d. 
SubiliviSTon a c<}nsist$ of ttlnvut 2 inches of green ^hak wluch U 
slightly calcareous. Suhdivision b is a eonij> 3 c( pjiikifih limestone 
containing pinkish or reddish mineral dh^cminations and occasional 
fragnumts of hynthhid aud hrsichifjfjpCMl shell?. Microso;ipkally this 
limestone is somewlml granular and cry^mlltne. with cakiic as the 
dominant anisotropic nunerDh Quart! rKCxm- ijccastonaliy. Hema¬ 
tite as an impalpable duRt nr pigmau ir abnndantp bordering hyo- 
lithhl fragments or as irregnfor acmmulaiions* A fragnitnl of 
probably organic substance with a cellular structure iis a coiifiplcuatis 
feature of the slide, 5 [iongc spicules replaced hy cakite are 
noticeable. 

Subdivision c dilTtu^ not very much from the two tncmbcr$ dc- 
scrilHftl but is nmliilar or pebbly and rmtdi more fossiliferout. Micro- 
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»i:c]|ncAl}y this riKrk is very gi-aiti<-cl iwimUcry^tiaHiiie Umesione. 
Cakite, frcqiteiuiy uviNiie<l, is tIic <loiiiimnt mineral with quarts and 
dilorite in secondary importance. Barite »jccurs as oceasiunaL small 
and targe irregnbr grains. Jicniatite i> fmtml Iwrilefing cakite 
grpTns and fossil irs^Xitiui^ or replaciiiR them, anct as irregular accu- 
nnilatinns. Tyrite is femnd 4>:casii.Hta3ly. Cenain tioiiitlar nf |iebbly 
fomt^p ibotroiiic under crossed nicoU, arc, 1>ccaiise of iheir finenes* 
of grainH of an Jnckterminabic nature. 

A very noticeable feature of thh section ti the diversity of iiyu- 
tiihes forms, some eUiplical and cnnceritTtc and others drctiLafp ciflier 
entirely or partially replaced by calcite or heiiiatite+ The dretdar 
fortn^ measure .287 nun. in diameter I Fig. 4+ Slide ^50). 



Fic, 4 . MEerctiilioio^raiph of limestone. 2m Bsc: slide SSO; rubrifed 22 
ilisun. 1. hyulltliE*^ irifh ealdtt am! dilonte; b, ca-lcite; c. ijimlz. 


J19 B 5(1. The up[ier subdivision of this bed is of ivucrest m.'iinly 
on coconut of ihe tnincrai assoriaUuns in Uic large nodules on its 
surface. Differential erminnal cffecl> lies ween rhe limestone and 
nivjule liiive reunited in a greater conspicnouiinesa^ of the mnre resis- 
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ranL tiixlule. Tlic nu^lut&Sp meaMiriiig inndi a.^ 6 intlits in dUm- 
eter^ consist br^ely of argilUcci-vsis iiiaH^riaL jaspcry codCi^ntTic 
hajidb, bkiiles o\ Ijajitc- pyritc and aonii; tnangaiu feroiifi 

and fi^rmgittrfUfi c^rlwnalr luirtcrali: whidi arc ^uriMiiiulcd hy dark 
areas. These falter ar^ fsrnhahly iti^Tiganese oxide rortc^ due to tlxt 
attention of n n^nganiferons carbonate. 

L-fidtr fnaunificatifjn tlie^c nodtiht {JOnlnTts are nnigisly enn- 
ceniTic and bmirtatcii in stmetwre, with bnihiations red and green 
in coloTp mil oi nne aiul coarse grain. .\n lyilitic mxteiure, hut with 
the t^plierulc"^ pfjorly fomtetU h loutwl in coinbinaitun %vrih the 
bathkd ^tmeiure- CakiU? occitr^ as ^»inewliat elotigjitcNl cry^taU 
atid i5 tlie cbminant niinerat. Wherever ilic cafeite prt^eni.^ dit 
peeuHir elliptical anil cirenW ^bnpe^ nicntioiied on page m 
urganic origin iinrneilbtciy siigge'^le*! i Fig. 5 and fi. Slhle 454 L 


FiO. 5. MicTophottJirrairti SmiinjteiKv 'jUi bjil; sMr J54: tidar^LCil -M 

rfiM. ■_ elbptieal c:iTcitc aRgreKations: cliluTite: t hytiUlbe^. 


yiiarti is found as irregular grain^^ anil aggregatirmi, Ibrlte cfccnr^ 
only -^paringly^ vVirmng tite tiiinetal^i p>Tite sonietimcs alter- 




Ifli44 COS^CE-PTSON AND TKlNItV BAYS. NIiWl^>lKDUANa ^ 


ing lo liTOPnile, b mosl conapiasous and occurs as brgc irregaJat 
grains and arca^i surrounding fossil fragments and associated with 



Fie^k (K oi cii larged ^ 

iliam, cikitej h. iismiii ikho&i^liatic? ncHliik^ 


more ciilearoous jhortLojis. lictiiiitUr i Sliite 257 ] i$: found 

ill tlip more jafipery or lEimmated area is as rrfcgulaf grains, .tggrega- 
rmiift, and zijThcmk^ a^^sociated particmlurly with |he green area wliich 
for ttie nio?t jjiirt is of an in[lei.cnn[natdc character. Veins of cal- 
dle are found cutting the nokinte- A> in tlie layer alcove, there are 
iutmd in Ihi^ tme | Fig, g. Slide ccrtgin icun-isotropic timiuLar 
areas or pehhfcs which are partmfly cfiioririMd, li is very^ pos- 
^iblr tliat Lbese nudular or pehhly arca^ art' jimihir to the phosphatk 
nc^lulcs of 219 A 13 to be descrihctl lattrf. The?e alter u> carLKitute 
Incatly, Among the organic remains are fragmeoli^ of shells^ hyo- 
lithcs, trilobkes, ami s]H}ngc s|)icule% wfiicli tn jKirt show airhonate 
iuid cliluritle replnccnietit (Fig. 3, Slide 254, .iml 7* Slide 357 )k 

J 19 A r. Disconiormably hjkjii the ak^vc dc-scrilied noduliir lime¬ 
stone there rests about 34 feet of a hard, fissile, green shale. About 

raor, riitL soc., uv^ i-m A\t riiKT^D r^HuCAiiv 2^^ 1916, 
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Fia. 7 , M^a‘ftpTn3lQ1?^fl^^h of i|K)ng^ n^tcult^s, ^rg Boa; s^lidc 457; ^ 
iuTK^ti dianT *t *|wfl4ec ijjictiie; b, lurmatitc; c; calcitf. 



Fii;. 8. Micryiihuliiictii^ih of liitic^iuiic, 4ig ?5jj rfiUqtttl i2 

diftm. m, calcict; b, jibaipbitic? nntcriai 





CONCEPTION AND TRlXITV BAVS, NEWTOUNTlLlND. m 

5 feet above ibe limcslotn; iliere arc ihtn ^efisms fitTl of Coiniriiniifed 
fra^^meiitt tif and The upper |iart 

of rhh ^iialc If^ conBpjctiuiif. because ot the couchoidif fracture vuth 
which It breaks and (Iii! prcsttEce of Icea! agfiregaiifjni of small ^id>- 
s[]iherical black acidoles itf whid'i ^li^>w prtiklsh I'cntcrs of some 
bnc-graEiicd mtncnih as rliodochroifitc or maTjfpnireTnu-i cni- 
clte, occurs jlb sirall tints i^r as dfudrilic areas lui tbe frac¬ 

ture planes- Microscopiiirally, l\m is a ctilartJic tnicaccous ^hjili- cmi- 
taitiijig ■ipariii^ly* anion^ itie %‘isible minerals^ irregular j^Ttiiiii i>f 
[dagiodajsie, quanz, pyHie. ma^iictiie and limonlte in de^iccuding 
order of abinifbucc, 

ai9 A a is a ricHtUibr $haJc bed of .5 of a ffH>t in iliicknej-s and 
forming the siqiing surface over which ihc stream nms. Thrs lic<J 
is Tintev^orihy iiccaiisc of ilit Crypioswjntt colonies showing ofs die. 
surface Dig. 10). 

^19 A iht lower porlichi of this Wet* is a green slmJe conUtin- 
ing freqiieni strinll siEbspherical noddies and dkseniECi.idon^ of n pink 
carlKjriJite which elTervc.^t% freely and is m all prohahility a man¬ 
ga rdf erroiii calciLc ^itTrilMr tn the pink ntnlulcs iinafy ted i see p%^0 395) 

2 ig A ab h the Lr)’piozoon sliale lied coiit^iin^F^ nmghlv con¬ 
centric nr zonal structures rneaFmriiig i56 inches in diimictcr,i irreg- 
ttlur stnd Mtli^pheriml lUHtules mcasirrittg t inch in diameier. ancl 
intercalated lenses of ntangaiiircraiL^ calcite. Tlic^e nodular smtE 
CrvpTozaon simctiirr? w-e^thcr hrtuvn- Scattered ihrough the Rd, 
l^artieularly Uie sluily iNirdfiiis, arc hbtlo of barite 

Microftcoidc esammatfon nf Thi$ Cryino^oon lied briiigj; oni noth- 
ing ivhicti tin ^id to Ik of ati orgauic *ftnicturc- What smte- 
til re tile re is may bts cliamctcriifed broktu vchinus^ concent ric anti 
lundnaicii The lecture m great i>^rr is crystal line. The greater 
portion nt one of ilit; ntidiiks consists i>( calcfie arnl carlxuiatc, flar- 
itc -occurring ^ Unig hlaik^ ia tletcrmiiictl principally by the tw^ 
cleavagtf^, C ajid ni^ tt< tiirefringcmce greciter than quart* and itj 
hia~^ia1 -\- chamclcrH Chlorite etilief alone or Its fonthiiiatiini w^ith 
carbonate is foiimi rcpUeuig iKirile. Calcite c*r cartionaie cjcctir a^ 
irregular mas^e^ nr ils mdcly fomiefl or innpJcnt spherules. Ifenra- 
rite occurs in lEie banded portion-s as nnire Or Itss massive bands 
intcrfamiitated wiili chlorite or ;is ruddy fonned spherules in the 
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H'trh ^ l>etail» of Iriwcr i^ortiou rmix^gsint*e in MaitilcU lifotAL 



rsi^I CONCEPTION AND TKlNiTV BAYS, KEWFOUNDtAND. m 



Tiii. lo. LilU>cr surfucc of Uiink Manytla tiioMk. 
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FitL i]> Xticftjpjjliiiiro^ni-pK ol ti^ctioti of Cr^'pitiLEOuEi iii'ktJuLf^^ .A^fj 

»lMk 2 ^ dmiH. a, rerruauioH^ Tiaitci: b. c^lcit^ 



Fui. 12 . MkrnrihtigDKraiilt <i( Crypui^Mui tiiMliiIf* fnmi 210 Ai, ttiowma 
li«rrti| lN:«nK nsjrkccrt b> chlg>riif; ili.]; *,UatKr<1 JUm *, h»rile' l*. 

cbktiH*; FtrtTiiLiru] r>ii I aikI calcurcoijss siliftk 






CONCEPTION- NO TRINITY BAYS, Nf£U'HOUN[:)L.\XD, SSy 


^rounil mass. Tlitiic spliurtilus tncajiMrc as prnall ss y niicroiij in 
Uiamcter bitt have an average ibainutL'f i>i bclneeii 30 ,iri<l 4a mi- 
tmns ( Fig, ii ami TJ, Slide 



pra, [j. Mi<ldle portiun of nmtijfaitrKc /lOiie ict MaiLiie]i lurci^lc Thriiuin- 
lier* arc iIioh' ?jf the Mcifctt. 





aOt) tjALE-CAMDKIiW’ M-\XtiA!<ESE nEPOSJTS Ot*' tAirtfl*?. 

The paragcilesk of iiiTiierat^ vvlltiiii the titK^ntes is foiiows: 
CaJeAreous or cHrlKKlAte inatcrial irlth pro! ably «yncIirosicn)$ly 
fonned hcntAtite, tartte veining, cblrKitLtAiinrt rt^ilaccRietit, aitd 
finally calcitc va vein or replacement material, 

21^ A 3 ia a green shale bed. 3 feet in thickness, lyirtg eonionn- 
ably above ilie Cryploaonn nocJular bed. For the tnmt {lart ibis bed 
consists of a hard fissile green shale fi'litch brrak^ with a coDspimotts 



Fuji 14* PhuloKispli of msnt^snene oitbcuiatc nwlulcs ntrjietctl frotsi 
shale S'lfl A 4 , ratnral »lw. To()v side wit sectiniial rfewn. 

eonchoidal fractorci 3 inches above the Cryptouioti bc<i iiv a layer 
containing fragtnenu of trilobitM which according to Prof. G. van 
Jngen are probably to bt idenltfied as Prifti^enus haneyi. Harren 







=9-14 t COKO^PTION AXP TKtXrXV HAYS. BIM 

grccii shale over I this fos&ilifcrnus byer anti thb In tnrn U IqI- 
livwcd by fitjUnlar green thrdc containing mangaiiiferuits cakile 
h^iluk^, a fkscrjiyiiQti which is given in cotitjection witU the 
mlttmfrrg bed. 


Flft. IJ. Fhotoj^iipli. iiilurMi pIkc oI ffTiitiiici ami p<-l3ili«l iionsronral jec- 
Tion of iliate coniainmn? carbonate iicwlntca it-om Jtp A4;. 

219 A 4 b a coti^piciion^ rliod-ochrusitc anil inpnganifcrou? cal- 
cite tif^hibr lM£r1 atd may he COTisi(kre<! die lase of tlte maiigaiiese 
itone at Mnnucl:^ (Pig- ij)* SlTutinrally this b a nodiilar ntiil oiliiiic 
lied, the foniier s^tniCturq consiikoon^ly ■cihservaldc inacirisetipicallyi 
and tlie latter, diongh not so well defined a $triiciurc% observable 
fincTOSCopitally. 'Uw entire lieil measures $.1 feel hi thickness and 
Is divisible into livn inendiers, a and b_ Tht lower memlkr, up A 4a 
ts a prc'doriniiajidy nodtdar reddifc'h green shale wlille the upper divi’' 
iiion or b nicinbcr h not so tiodubf. 
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Thii tiuihiles of A 4a are liiscoklal 111 sliafie aitJ vary m diam¬ 
eter fTOiii 14 inch tn (54 inclii witli an average iif alHMll I iJich aiul a 
thicknczij from Inch to 54 indi. Hit longer diameters 

oi the nodules lie in the ptcuie of ihe beet, lie re tlic nodules are 

vcr>‘ mttncfou* kir vrowded they art found tniergrown miU or over- 
lafiping each oilier, Sj>edmeiii ground ainl jailtAlied often slioiv a 
kniniscate formed hy hvo (Fig?. 14 and 15.^ In color they 

are for the hukI pan grtcin but may have greem^. white, or pink 
central corcK Cnw fcrtk*tw the nrHlsiles reveal a distinct aoniil 
urraiigen ient with spherical cent nil cores iunT.ufnded by concen tric 


Ftik id MJeropbotvtfrapb yj mitni^jLnvji' carlHniatc ntKlnk {mm 219 A4a^ 
rlide 2«M: laiEirgeil 6 diam, a. carl^onait! of Ttiuc and 

h, barile s Iwiirite Ttijlarcd by ctibmiv; i, fhalr. 

^hdl» eon forming 10 jhe islujic of the nodnlc, TTic grain of ilic 
no«Itilc^ is mmUy exceedingly tine, ntiijalpablc or crystalline^ Hie 
pinkish cores arc ttfcuaUy cryslalltnc and rrspoiifl (o the HCl test 
qnilc rtatUly, indicating ■Nitne carixnurte mfnend, hy analj&jsi llie 
greet! noflnles- are foinnj to consifit essentially of rhotlttclirostte (^ee 
Anal, li, pige 395), while the ptnkL^ti crysbllmc mineral cKtiipv-tng 
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liic centers ot the noilule*; or ticcurrirag as inlert^ated 

niaf lilies in t!ir nodubir lied h ronni] Lt> be c^^etifially a imLi^atitferous 

cnicite Aitalj^sis C i*agt 3^5) 



Fie. i7v Hicr-(i|;ihi>tugra^^i frnm A^; ilkic 

14a; enkrged 4 diam a, carirwniil^ tit cic,: b, CH jIlilc ilialc. 

Further inacroncopirtil examinatlnti of ihc nodules ?hnw# the 
prcsarjsce of liaritc blades within I he central Juirtiuns ul itie nodules Or 
disseintriatttl throughout ilic nodule iir tu ?ihaly matrix. 'The char¬ 
acteristics whEcJi detcrniineil the barite arc it^ c aucj m cleavage. Its 
hardness of ^ and its rliiipliaucity. its optical pnofierties coiifirm ii 
microseopicallvv TVrite is fouiiil sonielimr^ coanpktely surroundiitg 
central ctirc^ ai irrcgulsr and CiUitinurjus grains. The surfaces nf 
the unflu! 1^5 usually are envertti with niinulc |nnk or rctidisli dis- 
Semina led grains wludi U|H>n intcroscopic cxajriumtiim arc fnmifi to 
be liefuaiitic ^pbeniles 

Tltin s>cctian5 nf th^^e nodnks, on the whole, arc tint sarisfactnr> 
for iincroacopical work Iwcause of the almost iimpalpable fineness of 
the gram. However of the larger features may lie of inicre^i 
and ini|K>rtiLUi‘e, The staicture i^ nti^dillar and eonccutric amt ^itiie 
of the concemrii: shdk nre ordhtc. In all the thin sections of 
iioduUs llie most couj^plcuous feature is the Jumal amuigciucut of 
crystalline and imtetiTniiuahle (lOrti(tltl^v The eryj^talliiie jmcis 
usually occupy the centerp of the noduks while the inijKitpablc or 
iiKicTCTtiiiUatde areas are arrajiged artmnd the centers fsce fng. 16* 
Slide Hoivever 'mme of the coi'i^ cutif^ist of iudelcmiiiinblc 

luateriah The Kond are son retimes marked off from each other by 
niore or less siiarp comnicti sis brought out by a difference ui stuide 
of color ur hy an apjiaretiT ilifferetice in grain ( 17, and t8)* 
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31^4 

I'he c?tTcfior ^oiie?i mcTi^c mnK.TCi:ptThly into the ^halc^ n f:w:t which 
has MJinp gcndfc ^.jgmficatiCC- 



FiCu iS. <jI two ^^iHiojuuje nmluifcf froflt 

AKkl alitlc :Wi cnljjrffC^i 8 diam. 


An inejtiiciit CKitlHc structure s|i|icni!i£s of littnAthe is totn- 
mon to the outer ^ohl^s of the ncnfitlc sind ^liiily niytnx. Thu spher* 
ules do not lii ji nile iliow any weB-duvcItipcd iOmtl structure nor are 
they of very rigjular form* Titey vary in ^1iEmitter ftom 6 micf^iu^ 
to 77 ntkTon& anti have an average iliinneter of atauii Z4 tukrortfi* 
Not itifrequently the si^licrulvs consTiit nf lM>tb carhuriate and heina- 
riie, the fomitT preserving :i radiating Mntctwre and ahovtnding in 
Use more iralcareous (portions of I he speehiitn, while the hemal itic 
!!,]j1it!rii1c« arc more eomnnm m the ^.hEily pEiil-^* 

Among the detcrminahle minerals are cali^itc. which occurs as 
ajilitHlral grains of variable tlimeji&ions In ^mll cTyglalhne areas, hi 
vdn^, or !w rqilaccniciit mEiterial after nr^nk reniaiii» ^l 1 cha» 1 ^^w> 1 ^ge 
spicules, etc* Carbonate m^tcnal for the most part fipccTfically tmje- 
temiinalile maBes up Lbie greater part of the slidup Barite is fotmd 
Qcctipying the more ecniroJ amnions of the nodnlc in sfvme sections. 
Quarts as irregular grains occurE duly in spaHng ainounts. Tyritc 
is present as large amt ^maU irregiibir grains anil 



•»u I COMCEPTtON ANll TRlKtTY BAYS, XEWFOUNl>L.AND, flya 
Tlie attalyses oi llic green and pink nmliiles are as foltona: 


Analv^s B. 




SiO. -- 

Ff A -. 

AkA .. 

Ai«a . 

CaO . 

MpO .-. 

..-__ i- 104ft 

.. 

BaSOj 


HA . 

—.—. ±JBS 






Ascalviij; 

fink yiidtiiJrJL 


SiO. . 

FeA ^ 
alo* ..-. 


MiiO .... 


CaO 


M|iO .... 


iW ..... 

.......... —.. 16? 

CO, .... 

.J&J 7 


itiojai 




MnCa. 

MttO ^ .. ? 4 * 

CaCO. .. latii 

M^COi - J 79 

SKI, .. 5 .!M 

BaSQ. H ^ 

H=0 .... ^ 

FciO. .. 7.35 

3Hil*AlAVaSA 


An'ALV3)£ C I 


CaCOi 5^05 

ii>iC0> . 

5 JiiO .. 3.34 

SiO. .. 3 ?S 

Fc,0, .. *40 

H ,0 *06 

^11,0 A1A-?SiO, 4.fl[7 

[00.0:2 


Tilt pinkbh CTjsialluit pnincr^l ivhicli c^thibiis a i‘lioiiibo!K*Jrai 
bflfi a hardness cif sibcpiit 3« c^cri^e^es with IIO ^idp 

anil, wUli Ibc above cotti^iosItiEjrL is essentiaHy a nisnganKtrous cal- 
tik. The txc<^^ J pro!>aUly exists as a peroxide of maiigatsesc 
as iiicUcatcd by ihc considerable ainoimt of ehlorine which wa4i given 
orT while ihe sanipte was h*itsg digested widi Htl acid. As no tliin 
action!i were itatde of ibis specimeti no pcirographic confinimiioTis 
c^n he ni^ide. 

Tlie upper snhdivtEion of 219 A 4 (21^ A 4b) is A gteenish and 
retUUsh nodular shale bc-1 measuring 2.0 feel in thieknejjs and dlvis- 
able iritn three niughly distinct portinn^^ The Icnvcr jiatl. 219 A 4b i 
IS A greenish red shale overlaid by a mldisb sjhale whh c^^co^ional 
small nodules nieasnriiig akmi H inch iti dmmeter j Fig* 13. and ig). 
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I'jt i'^ MiiliUf 4ii0 npiMT rH njaiiija«Mt ione in Maiiwl* IfTwrW- 





CONIIRPTION AND TRINITY BAYS, NEWFOUNDLAND. 3D7 



Pbcitoi^nii.’ili of vertical section cf hamioJ iiiaisjjniicsc fudw^imtc^j^iflv orv. Jig A7, 

sfiylill)' ifiilurgc^ 11.^ i 3 iiii]cicri). a. gre^n rvfl tLind. 
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:)9Jj 


rmli'r ttw; mkrn&cti])c a ihiii <tj t\lh Iwtl revc.ilii hematite in 

the form of a pigtnait and as |<:raiits and ilhfiinnctl sphcTuliS. 
w-liik local areas of carljcntalc are finitlif, Tlic nplarr mrinhCT of 
this bed, 219 A 4b 3 k a rc<l shale enniairiin^ smaii stihsplicrical and 
itiiicoidal nodule:^ tjnile niinilar lu tliusc descriljed hi detail altfri/t 
219 A 5 IK a iiiKluIar fernt^itinUK shale which \i cukarroiii atnl 
nian^ttiiifenmit. The sh&ly sirncinreatnl the manEancse are hrott^ht 
out m a coiiipiciioiis way throngii iveathcrine; the inonganese hy the 
Waek (iiscolomiini! in evUience as one of die ojkIiIk, This 

lard ha» a tliiclfiie^:* of .a of a foot but thins ami ihickcn?. presenting 
a lenticular appeaniiios. The notiutes. or pnsstbEy |icbblta. are sub- 
spherical in ftirtn, <lari£ green in color, anil of mipalpaljlc fineness of 
graiiii Titcy rcMiinhlt' llitifiv alreiidy ilcscribed in connection with the 










CONCEPTIOX AKii Tl«lNn V IJAVS, KEWFOLIMJlJlVD. :?9ft 

21^ !■ j liTiicpifoiii! flujdt to lie describert! in bfil^ 2 ii) A ii 
ami 2ig A and are jjmliabh- |iho<|iltaiie jicbbies in ^xiniixi^iiorn. 
Hie mrncTals m eviilrncc in XUs^ U-^l hcim-itile, olcirr* aiul haritir. 
Tlii? l>erJ it itniJiiiihiedly a niaitganifen^ETii M .as shown tiy tlic nxi- 


Fn^. ^ PliutiJ^rn^h af Tcnicai puliiln.-d section Imuirw} insiii^ncfc 
rarlrtmAic-cacidc uTc Jfijffl ii4tiirEtl litt. A, haurfr h linsfiTi liand 

diacfl w<!At 1 ieriii^ prrxlncts. Tlic Ixid as a whoh resetnhks 210 A H 
which IQ all npi^caraiites h ^liiggcitlve of jiiinemIUrd reworked 
mntto^biL 

at 9 A 6h Mimn^hat rtne*i^rainnl and y^^'\ivy red sha!i?* nteasnrin^ 

10 Q .5 of a ill iliickiicss, 

at9A7 h ihe nuiiii rnangane^e-bcanng bt:<h measuring j of a 
ff'in in ihiclmess. Tins lied is of more than nsnal intcreai in that tlic 
iiiaiiii^atiei^c occurs'as [jnmary carboitatcj atid 4 >x^td^ in the b>mi 01 
tliiii jiifiiirr-like Imndu uj i^mrn md liglit ctiocolats^^ hroivTi color, 
and ds Icntiele^i and riothiles. Jnicrlatniriaiotl wdlli the jaipcii^ fxitidji 
arc reddish baiitk with mAngancse essentialLy in tlEc ^oml of aJi oxide 
and A carbonate (Fig. 20. n, and 22). Tlik bed lias Ixicn divided 
inUi three layers, a, and C* The bwtnimsi or a snlidivisioti h Llie 
reddish Isand which b essentially a rmngutiifer^ut^ ihale. It nf>du- 

pjMXL AuiA. mii. I4T. ijy iif, 25, 
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4IMI 

laT with noJttli:^, 1entid», and liainl!. nf tlic green )a}per>^ Mrbim- 
ate a»nl oxide of niutigaticsc. \Vherevt.T the jasjiery niincraU occur 
ill ilie rtil linnil, whether iujiIuU'S, kmidci. curtiiiiuou& or noii- 
cDiitinuouft band». they present or ’*iig"cst cuncriciiivnary diaraciei^ 
Uticii, The red bands arc locally pyritiferons and liaryiic. Kcd 
shak oceiqiifi the greater ptirtion of ibc IxxL 

Microscoinc examiiiaiitni of ihi> rwl kmil briitg«^ out very link, 
other tliaii that it is distinctty lieinatittc wiilt ilie licuuilirc ocL'iirring 
a« a pigment or as iirtgiilar acainiulat icms i Fig. 2^, Slide 27111. 



Fin. 3k]icrcit>tioiu|i;Enph of (mtialvd ore n'iilt lutrite. from 

Jig A7; »iyr J76: vnlaTscit 1/5 ilinjii. a. ml Ijaiiil: h. )irt't.n e. liAmi'. 


The chemical aiiAly.(iU of ihi^ hand U as folkws: 


'Vx'Ai.rfn £. 

ftcJ {tanii 


SiO, „ .. JySt 

Fe ,0 . aj; 

FeO itiB 

AUOt .. ... 1 6g6 

MnO .^03 

CaO ... 

MaO .. .. 

I'A . 4^1 

H =0 .. 473 

CO, ......................... m57 

iw.va 


A^AUVillll H L 




AJnH .. , 


itnCO, _ _ 


MitCA .. 


CjCO, 


Ca.il»fU* .. 


SiO. __ 


11,0 ... .... 


JII.O AhO, aSiO,+ F<0 


FrjO__ 


v>sr 
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Of maw inUrcii in coniievtinm wiih tliis ird sihaly hautl arc the 
jil^pery bands nf green and brown carbon me and oxide of tnanga^ 
iiese. Where in bandi. they vary from yi inch lo i inch d- in ibick- 
neis and may be coiiiinitun^. Oic contact with tiie red band may 
Iw very tt-cn or very nntUdaTory. This wavy character may be 
present whclJier the Ixind thickens or ttiira or is of the Jamc thick¬ 
ness throughout. The broxvn and green jaspery hancU may contain 
thin lamiiue or nodules of other colors. 

The green mntcrml is charactcriied by iu chalcedonic and iomt- 
what waxy luster, its translnceticy on thin cilges, its Iiardncss of 5 to 
6, it* tpecilic gmvhy of abcnii; 3.13 I that of the green tioditie) and 
its slight response to tfCL 

The dicniicul aaaJysis of this mattriat is a.^ ftilTinvs: 

■AxAivsta .d (. 

MnCOi . . . . ... ., 4^^ 

XinOi .. RoS 

CxCO^ ... .. aCLti 

M^CG, 

f-VO ....*. .. 

IW . M 

l 4 I ,0 At.O, iSiD;-^Ft-U .... ifi.s4 


Tlic green liatid m> i^rr ^imiJac cUeitircnlly tc Hic green nixtule 
Already descrilHid rn conneetion with the iiCNltilai- Ix^d lower dow'n in 
the serros, h in pari rhodnehroiste hi comjiofvltinn hut has 
In eonthiiiaiicin^ in descending order <jf nhundnncei conddcrahle 
An mums of n^lcartmi^, argillaceous and f-emiginoua maicfJgd. 
ganese TiQi eomhincd with CO- probahty cucisi^ as some prol>^ 

ably a peroxide^ as considemhle chinrinc wav given nff J>y the '^niple 
when hr*?! trcaied with concentTalcd HO. Other icsiiLirei' hardly 
need .‘uiy explanation. 

Itiln sections of this liand are ver>^ on-^atisfartory m thAt, be¬ 
cause of the impHiljKkbk iineiiie<s of the gniiii, lidle can I>e seen out¬ 
side of striirttiraJ feaiures and certain cjpaqne rniiicrals. chiefly 
hematite. 


StO. . 

FeO . 
A1.0, 

VtiiD 

CaD 

mo 
njo - 

CO, , 


AxJUA'VIV a . 
{irct'n Ifuttd 


. ^Llt 

- 55 .'a 

- 11 ya 
. 2.30 

. 

Too.gg 
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Tlk' brown band dtilers in clirrnieal in cohtt imd in 

^|M»;ihc ^vit>v 'Ok cnl^r a ligln tir dsirk dioculale broivts Tht 
sp<^citic graviiy h 3.3^. TIk' chwjical con^ptiiition iiMUily 

in iUc Un^hcJ’ Jjctcfaitagc r>f innngimeif, ui in ihe bdlowing 


aiiaivjb: 

£7. 


V 1 








... . 1 . 1.* 1 - 


MhO . .. .. , 

xim 

i'»A ... 

.■V.. ..... ~ f 


MllCDn .. ^ - n , 

31% 

FVMif , 

: . ^ B r ■ ■. 

. , . jfq 

CaCD. ... .... . .. .. 

14 01 

AI.O, ._ 



MeCq, 

s<* 

MiiO 



Lifl.O .\U>, aSKJ. ___ 

ii.dD 

GiO 


..... atir 

sSiO, .. *.*. ...... 

5949 

Mijl^ ... 



FcA>. . . .. .. 

UjtJ . 


1 Jl 





CO. - 



iciU&a 




Mtrml>cr^ b mirJ c of tH?fJ A 7 tHfftff firmi tht >Jil«lividQti jiisl 
d^scribcil in the grcntiT abundance of JfLSpetj' liamls tn ctniipansop 
wntb ihc reil sl^ly band nnd they show greater ecjnlinuily on the 
whole. 

Member d oi grciin and brown ja^pery band^ all mnre or 

lesi nwliilar and iiitcriaminated whb the fed nia«gattifcr''Jii> *liaU?- 
Bjirite m scgTcgnliosii^p di^simtiinueEl bkdes and vciru. occur tn fre¬ 
quently, bi the ttcaihercfl portion?^ of the !iceti<in this Wt h ftinud 
altering on its more exposed stcuctural planes to tbc wnndary 
oxidei of manganese such afr jJiiijlontclane. etc. 

iig AS is a pmpfiish mangamfetou^ Wiibr abale meaFimrig oj 
of a fool m ihicknese* ft conuiinf! letitkles imrl discoidal EitiNbiles 
of tile green iaspery iiiangniiesf cafbiunate fng. J4, Slide ^^4). 
The iiotlcisible microscopic feature^ of a ihin i^eclion of ihi^^ti-^ck art 
iki iiiMliilaT, ^riWitk ami ?lmly ifintctnres, Tfie spherules, litoiigh 
nidety fonnen, are of eblicr hematite or y varliquate, ihc fontter 
more t^mdy associaicd with the green ja-ipery atructitt^. mil ilie 
latter with tile rmS sltale. 

219 A9 k a manganiiero^is bed simclurally, mincrjJi?igiealh, atiib 
presumably, citcmkally, anal^^om to A 7, am I THeasiiring % 
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foot in lirecn flis^okbii ttorUfk-s of tsirhoTiate 

iiud die greeti, brci^vit ami red inatiffuuiftrdu?; lianUs ^iinibr to 
i^f 2 iy A 4 a .-jn&pieinnH i«Ltiirc nf ilte k‘d A tltim 

from one of tbt iioihilt:? * i this Tn;:tl flaring the Slimmer of 

to 13 allows* Eikiile from the tJficlular forni^ c-oitsiiicuimfs ZiJiiaJ and 



I’lLk, 34. Mjcral 4 loktUTaf 4 i af rrA « 3 i!ile from A^: ^Ude zl:^; eakri^cd 
JIt -liiiiti. A. hi'HIjtilr aj|]^fCHa1iii|i; b, i^E^hcnilrs pf liviniitTLi'. 


wliitc stnicmrc^. hW tlie mo^t piirt tlie k iinpiiliable, hut 

dial of the -iffc k niore ■+ Jess cryiiitalline. There are five pro- 
nuniiUE^) Cfiitssbiing a cr\>tal 1 lne miiurmost enns. No, 

nducli in a greui pan h comjifi^cd of carlioiuuc. prLSuinnbty that of 
cQlclum and maEi^ 3 riL"se diough iinUiipig cf a delittite confiniiatory 
oatiire cmilil he olij^LTVtMh and 4 :?^noct-»!^ive i;;iive1i^]iiiit4 iliffer' 

enriated fnnu each other by either tiic presence or ntasence of hema¬ 
tite^ tlii^ shade or intenstty of color Of by hticnC'S cif graiti. The 
oothie cbanicier of zones npid 3 with ^rfpherult^ ctniskiiii^ in great 
jiart of hematite and measnring as sitieiJE as 12 mien'ns amt as targe 
;p_s go is Ven' noticeable- flayers 2 and 4 in a great degree -consii^t of 
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iDtlflcnTimate niateriiJ (Fig. 25, Slide j! 44>. Anisotrnpic miiierals 
in thit iwtioii are fuil Cdcnntnn tint TliO!.e nwibl noticeable art faJeite, 



Fig Jj, &lierDjiliuioara|]li ut if-Hiiilu Irotn A?! ^liOe «iliifK^ 
4^1 fJwiH. 1. cuiicr xonc of iniinj^rtii^t drlmnatc; b. coer of cry^taJlkie naa- 
nrhbtiutc:- 

btiritt-v null diloriie, tliu fatter Iwii)^ insiiatly associated with ilic 
barite. 


2t9Aio coimstt of 3.5 feet at aUemaie layer* of purpfe and 
greet! lihale which enmain thin iiixlufQf ami Icnticics v,f Jasper) iiuin- 
eane-se carfionaie. some of wliieli nmasiire J.3 feet in length and o.j 
feet iu tiickness, Hie lowcmioit ^nlHiivisioii of thi# heil. aio A loa. 
U a dark rcddlsh-grten heavy nmiiihir ami oolitic slmle with nodules 
very similar to thost: tlestribetl ahitvc. niiseiidiialed tninmc reddisft 
mincml particle- siiggesdog Iieinatite .ptierulft arc frimiif rimming 
the noilulei in some eases, ftariie occiws ocensioiialty, ^uh.liviston 
b of ibis bed is comfioscil of 0.2 of a tool of green and red Uiitioibr 
manganiicroiis scams with green jasficr)- nmlnies dimibr to tbosc in 
the lower beds, inierlammaiefl witli it beniatic oTtfitic shale. Siib.li- 
vbion c, measnrftig 0,5 of a fool in thichness.is a dark grtty oiiliiicand 
slightly nodnlar shale with green jaspwy *caiiis. Harite hlaftcs occur 
with ncHhitor accuniidatbiis of manganiftrous calelic. Microscopic¬ 
ally tins layer it vssctiiblly a hemaliik Oi-litic shale with the nidi- 
Viilnal sphemles mrasuhiig from 15 iu 33 mleront in dbtnetcr while 
larger aggregations of suheruli-c nir.rnnrj. .... 
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JnMiate arfi hutnil in a groundmiiss the ctinractcr and com7»ositEon E>f 
ttliidi tj far I he moil j^rt iudcterniiiiiiljle. Oecasicinal pyHte grains 

are found ^ Fig, 2<i, Slide ^So). 

2 ig A lod, the titipcr of o.j of a tool of 

nodular aiul odlitic dark Rray -ihak n'ith thin jnipen' mzinifimcse 
carii'.inate hiuirtatmii^. 

Suhdivir'itm e h hi dark green nc^riuh^^ mid uolStie diak* 0.8 of a 
Tool ill ihkkiiosi and noi I'cry diifertTTi iroiii ihe layer d jmt de- 



FJk;. .Vlieia>^liCHUiitrap1i of ^.HiliUc ifiLUiKaniiVruiw dis.lo from 2lfi Aioc; 

*li<lc 3 {<q; J? ifcitmi. a, hemarife sjilienilei; b, ikalt wirh libscmi- 

tiaTnl (icmatiK-, 


perilled, aud ti a coarse nodLiiar 0.1^ of a fofjl in thickne^i, 

in n dark green tshhle^ lUtnpri'^ing llsv upiirrmof^t porSiPti of ihii^ hc^L 
319 A 11 is a heavy rongti redihsh bimd, 0.5 a fi>n in thick- 
neii aiJi] ItthfilogieaUy v^ry liiSereiU from the iininediatdy over^ 
lying aitrl tmtlerlying For rhe nusfii fiari. I he sirneinre is hotlY 

somewhat sii> 1 n]ar ami ocditic. The general fragmentary nature of 
rhe anil of cerlain ncHtubr or pchbly furms leads cine to ihiitk 
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ml 

that t\i\^ layer enjisi^i in ir>rnif oi reuiarkti] ittaLffriul. ITiti 

jiirfijce f^f tliis? linl ^hnvv;t rr|ipl<^ irtarks. Tlic pri;dr>mfiipni ct'ijisiiiu- 
ent5 whicli a aiacro&cn|HC cxammatjoii alToftFs ntn calcflc, battle, 
ari;Rlaceoti5 nmterial, Uiunjuiie, iitnnpneH' nnA pyiite, Tiui- 

yhh tif lllr no<1ii1jir« iwililic. mil fragrricntary chcirntcler uf the liiycr+ 



Pic. 37. ul maaii^nifrrotjft nd ivK^m jig Att| 

piMk J77; jllxitl a Caldftf j k hcpiiatilr ^(ihrtob 


very Itlt^f iiililSiiPinaf itihflmvattiiii ixmcemiiin; ihij. p<?ritJiar nicfc etinbl 

Ik Kaiittril itiicm^rotiVallj M%. -7. Slide ^771. Tlic sjihfruJe* are 
of tw> kiiifls. Iiwnntite jind carLonatf, and tlicy avt-ragi* nUnii 48 
microns in <liaMit;icr Xon-ft'm)gini>„i, pfirtirttis. of tlic slide show a 
groitniittiass of sticli fiiie-feTaitied sreen material tluit very liUlc could 
I.C imilc of it- iiyitlUhct. s|itiiigc splculcf, and Micii fnmmcnis 
partially or ciitirelj- rtpUceU liy calcite are a tiotkcahlp feaUirc. 
Uariie as pcatlrred Idades |ianially replaced by chlorite and prrite. 
hematite as iho chief consiitiKnit of the spbcruJto, and carlHimde arc 
the most nhmidani of the ilcimiihmlde coiHiitiitiiJs of the slide 
[ Fig, 2 ^, Slide 2jH}, 
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Tilt chcmicnl imalysli. of tliit rock si- fnltews; 

I- li. 


A n. 


si{\ _ ... 


MhU .. .. 


Ke^Qi^ .. i » -.. I *i 9 


MnCO. 


AUK}, .. . 


CuCO, .... 


MpO . 


MkCO, ..., 


CM . ... 


Co. (TO.), 
KeA ...... 

___ _ ?.*!> 

MjsO 


^ ^ ¥. 9 -n f 

... (l.ia 

PA.. 


SlOi 

. -- 

H,0 

CO. , . 

H*. 

iwJ^S 

jhif/j .iiA 

-iSif), lyfil 

liiQ.24 


'riijs'Hjefl IS e&scniblly* 3 muttjjdniferoiK* arj;iIlaceon5 dotamin; 
Willi wiiiidcrublc pt-rctiiugci of byriiir, LiaiiiUiti-% m\d (ihopphiilc. U 
would mum I'cfa^oiisibk to snijiii**i: ihiil tlu* jilio^Jiliate 

Ca^^TOiJ^ cxisb in the nwlular ponion as hav<; T«^nnt 1 10 ht tlie 

cast ill Ult noiJitlcs A ij to be dc'icHbcd 



Fliir ^ Micnriphiilnaraiih uf rfrd mmnjftrtikniu^ jliaft fmin Alii 
J 7 R; riikreisii ^ liiriiiHritc «|fh«rtik4 in a f^rriuitflrtii!^* nf 

fEiiirijiftijvJi! cairhDiiiilr. 
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JigA ia is A fi^ssile grccii diak mcA^uriri;^ t 4 feet in thickuo? 
With conivpicuoiES tikick )todtil4ry whierh c>ii t>cci>tn£ wttiic. 

lii'CJiusc nf the shnilurit} in funtt anil cabr ^vith of 2 iH D 5. 

A St A II, atnl tlto^e (n lie deRTilKrd from ihc l*eil iinniectnuety aljove 
this line, tht is nipdc here tliai ihesc nodiites also may be 

phcBphatic, 

3fg A 13 i^ a phiv^phatk noilnl^r titaii^aiiiferi>ii& ca 1 carift>iib clinic 
lied, r foot thick„ with the nnrlides^ cernmon in lioth lK;itti>Tn aiir{ top 
(Kirliritis of ihc bed I iOl- The tiodklles liecau^e nl iheir while 



Ful of B HiitiRHetl veriieAl hertiem cif a pJiunphafic noihi- 

lur sliJile ifeaitu zrg A13: iiattimT a, pluMiiUilii: niKliik; b, -ibaLk wilh 

fr^Kuncnlt. 

weaihcring :unl sulsjjliuficEil lo dottgatinl form rv-Mmililr tlia-«f of lilij 
A ijj, A 11, A 5i sinil K 5- Jo chtniital crunfiosltton the iKxIitTt^si of 
ilufc Itt-'d rtjj^nilik rlinse froin tlie L'aiiihrl;tit of scHtUicrn Kew ttriiiis- 
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wjclr (li:scril>cd by W. D. Mutihew (15). Thi^ dicffliical anRly^t^ii of 
ihv MeiiiucU I)rfX^k and the New Hnin^wTck phospiLUtc Are 

a5 follows: 

if* 




SiOi .4 . -4.... i£|_ao 

AtjO. . 7/'7 

FciO* 10-13 

CmQ . 2,V50 

\UO .. . 17 S 

PA * 4 - 4 - ...- 17,63 

H,0 . xjt 

CO4 ,* i . 4 ... . .1. 2^ 

03 - 9 * 




SA .. 



«. 11-^5 

P-CfOl! .. 

. iM-t 

ao.. ... 


KCl ..... 


M»0 ----- 


N»0 ___...... 

J-ll 



H jtj^ 'ri* t a •■* * 4 i*!!.*..'..™.. . ..41 

... 3^3 



t"Oj .... .. r .. 1 1 *+.. - 1 



{w6 


Tite similarity between tlie petretita^es ni SiO^, ^*CsO,, CaO anrl 
of the TWO annlysci? js at once very noi^ccable and ai tlic $aiiie 
tiinc v^ry suggestive. It is ho]HH! that at sonic futtire time, w^ork of 
a rorrclative nature may fjc taken itp in coimention with tlicii* inier- 
esting iind gcncticuHy pTnUleniatical nodule^. Among the TiiatrD- 
scopienlty observabit tuiticra^ JU tlic fresh and aJiercf! rnck arc 
pvTilc, hrmatite. limnniTCk or psiiomctanci ajicj viviaithe in an 
argillaceous dolomitic groundmnss, JiyoHihes fraj^ment^ ore in 
abundaiiorL 

As no apparcnl manganese was nb^crvahTc in the consideralile 
thkkncsj nf overlying green shales. 2 ig A *3 was crmsldereii to t^e 
the top of the manganese stone at Manuels Brook. Aecording 10 
Prof, van Ingcis the Purifdo.tiilf^ famia begins in iliesc shales which 
inmhcdiatcl^^ overlie the manganese stone. 


Topsiva.^—Tlic manganc-se at Tofisail some 4 titilts cast of 
Manuels fsee Figs, t sun! jo) occurs inierbedilcd in steep northerly 
dipping 1 30“ 78^) lower Cambrian strata con^tstinif of shales* 

limestones and samilsioiies. Tljc tnangancae is found in several beds 
ol which only one measuring 14 feet in (likkness seenH lo tie of 
snffidtmt importance to have warranted prospecting^ as shovm iry 
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inmr open ruUttit;. This iii a CJtHiotuiiC'ii^idv ofe i»f mait^iincK of 
brown color and vitreons luster. 

otily (lot* ihc clia racier and stmclnre of ilw matijfanest at 
Tottsail differ tp'ni tliai ni Maiiiid*T but (be sevibti tibow* sonie 



Flu JII I'lidtfiKrBllIl (if ihf oi*™ Etit witl> the iMTiHimric (tro^|iC(t Innntl 
at Tittisidti t'OC K- 


litUolosical variations. Moreover the rcKrks of iJie section aic very 
inucli disturbed with the rapid dianges in the di^i m' the Iwl:.. Tltc 
stmctnml ehanges in these l>eds arc no doulii ditc to the fireat fault, 
the |j 1 aiie of which paiscs iilHutt joo feet ewst £0,1111 ihc iiiarganrtc 
Knllp with a strike of X". 13 E. .tihI .i veriica) di|). The fault plnne 
lies beiwwii the J lnronian and tlic lower CaniUriaii, and the beds 
iinnicdiatcly adjacent are considcrahlj' iliituHwd jnnt h» to ii Iriracr 
cijtcnt arc those, farther away. 

That a hetier idea may t» uhtabted as lo the mlallotiship of the 
tiuingam^e, Ihc foliowiiijj general and local >lr:itiKniiduc sections w«h 
dtrscriptionk are given. The gcmcratiied acctiuti as- workdl out by 
l»rof. van tiiBcn and Mr. ^V_ O, JJayes during the ^nmtncr of lyti is 

follows: 



iotj.. 
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Tdtdobfni 

aiuE 10 Drown slmlts wids muttiratieie ii IsaitO i>ci? ciit 
9 Drown ahmlcs witll Itmcitoiic liatrc. 

S HeiYy lEmcs^tJoic- 

n 

T . pliiil y liuie.^ldili^ ^ i k* ■ p- ------« 

A rtrowii §jtitditon< w-itii Hnicslouc tMSfiukf 30 

5 Jnnir aji4 coarse saiidiione witli IEulkiiiioii^ ni>iJrtlitr-H 

4 Him:Ii ilican,Tl VirowTi rTuIc with Eitnrrtotki: iMHltlbi amt 

maitp^titac ti bsi$c --..6*k*i.H ... 4-0 

j Moiiili fiF aiol mtic» itonc 

i CtMirvC EandhiJouc ^ ..-^-....--k*! k-i** j.^***! 

t SJnaar joflc -i*-k*. k k .*+•■ p- 5 ** ■ P**-P1-* 0-3 io 

o Fre-Cambrisin .... i .. 


It IS qmtt: from 5 ttufh* of iht alwve r1i%t ihc 

lower CanibtiaLU ixt Topsail Is in niany respects ^niilar lo that of 
Manuels. Hie al)ic:nce of a b^sal conglomer*iic and the [iresence of 
santlstone are die most striking fcamr^s of the associated lied^s. 
During the fiuiiiiiUT of it^t J a more dctiulod ^i«dy of ilte manganese 
;sone qf 2iQ E 10 of the gcrnerali^ed section was made and the 
following subdivisions were made: 


t..ac- ^£DA]b«^■. * 

jmTl t ^ircen «hAkp btuily lirokra. 

iS llATMlriL entiventrk jciid uudiilru; ^Hnk t-e 

5 Green almlc* hncElv ilkCAre<.l ...*.i..t* o.S 

4 ikidjneanese ostklnHHBfbcniatc pre M 

3 Bmlctn nudufiir t^tetn fltiate wiih *-7 

1 Catcarcoui nmtiEuinJcTaiEB ihde .-*.**---- 0.3 

t ITsird ntniMkr nti\x pfiwi dsalr. bJidb weijibcrcti iind ifieated, 

with tniniKJme^ fttak. 

01 this «ries twe» bede, E 4 and 6, art worthy of more de¬ 
tailed description, 

319 E 4 is an oxidt earbonate ore of ninngancse nf 1,4 ft- in 
thickness, tf is irre^darly l>;tnded and nodular, of choGolaic-brown 
color, somcwliai vltTcous in apiicotance and argillaceous, with a 
banlncAs of 5 to <5 and sixtrific (rravTty oi 4 ,^. Ltiaseminated 
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Ihrpugli the are are irre^uliir of ^ (link airlwii«-iir re- 

fetnhllng^ rhtKloehrosite Sti pM^stCril characteristics* and baritc- ‘fhe 
ore mcnisled wttli pjitiuaiclatie ais an uxiiintinti i^rodncl. ilicro- 
^cojiie cxamitiatitin hritigir aui si ecrar^cl)' tiaaded anti nodular 
ture with a ^^mndma^s of iriLlctermiiiate material which h for the 
mo^t part htunofaicous to all appearance? and of Urow'ii colori. 



Fit jt. ^icrophtiii^rapli of barht sitieal hi iimni^anct^ nxide'earlfoniite 
lift imm 3i9 E|t iliile oilmfRYrTl ei diHia. Nruc ihcafj b, inariipiiitMi 


'iTie color of this ore is due to I lie brov™ and libick oxiilcs of 
mEUiginiNe and iron. ConsjilctMuu nnutitg tlie nirisotropte minerals 
arc hnrite which occur* as tikdea or handles of bbiU-s gmemlly 
n:plocc<1 li>- chlorite, and caldte, aJl very much dticolored W the 
niotigatiifernns and femiBinmis oxidL*. Minute ¥clns of disrotured 
cidcitc arc present (sec Fii:, 31, Slide jeoV 

TIic chemical amJysis of lltc ore and its rwttcnialum arc as 
fnllflws; 
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Analysts |, 

^*^9 E 4 

SiO* ............ 1S.04 

FcpO* .r. **. - 4^ 

AtA ft- 5 » 

MttO ..._4t-.^S 

OiO iit; 

M*jO ... 

BlISOi . . ■ _ h i ' * -F - - + « ■ k H . m m m m w-m 

COj .. «,34 

tl ■j 4 'jfl »PV + ^ r 33 -.-:...... --K-*.H 7 

57 


.AsAUilfi I r. 


AtnO, ... 

34 -^ 

iliiCOi - - - --- 

11^7 

CaHOtJli |l + + T t - ^ - n - . . . . L. . # . . « i 


MitCO, - ---- 


S kOf .1 - til ..-.i.i - 

Itk^ 

FtaSO. .,- .. .. 

^40 

FC|U| i._ ^.4 .1. 

4-ai 

xHjO .. 

1430 

H.0 ..... 

9674 


This la A'astntiidly ji liyclroui oxulc oi iiiaiijjaiie^ with coiisidfif*^ 
iihlc nniDiiiits of nrgUhicTOUv ni.ntcf'tal, rhsNkichrci^itc* ^iUi;ioii> 
nLiiier, ilolomhe. I>arke mfi liaiotili? in rle54jemiin^ OTxlcr oi 
AUuiidflnw, 

219 E 6, not rt on= Llniit^h riinn^iuiiffrrnti^* 1*^ 

of fntc]r\'J5l ntincrnlo^cjiliy miil jmroi’raplnc^^hy- In atmctorc h b 
concftii^iiarv* nin! Iiiirnkd, iiocliilar and fiucrosjctipically iiolitk. It 
h cs^ontiiihy u Ciikitrwu?.t anti ntangi^nfforoiis iiCMlnkr 

and banded Fi^, 32T Under the mkroscopc the 

jKirt of the groundton^afp Iswitrupk under ertssst'd nicola. is of indc- 
tern! in aide smiiiliitin^ pluntphiilic inaicrial. Of the 

nnisotropk nimcrals, cnlcilc h most frrijijem and occurs with other 
cutrbonatc nialerial in hands wbidi sSinw an iK'ditsc ^truciiiTO. The 
inrlividtud sphfrilirtrp Miln^phcrital 1 » t-lliptical in fcimi sthow eiQtcr 
concentric or radiaictl ^Enmlurf, the latter ahuiving mi interfcrciiCc 
CTos^ witli crossed oirols SSidc 1372 K Calcitc freiincntly 

hifc> the curved twiiHiing plauea indicative of slraiii. Barite cicciirs 
in narrow veins or bundE^, tlL^-scnthiateYl nr iisi ■ 5 :heath-Hkc 

blades Or aj^re^ationii. tiAiially hciTig replaced to a greater or 1 e ^5 
e^^trnl by cbloril^* anil in a feiv instances by pyrite i Fi^. 54 - Slide 
^/ 2 U The siihenilir^ consist of hematitic iiigment. earbt>natc Jind 
ddorite* Beeansc oF the ircfpient as^sociation of chlorite with h\th< 
rmc? U led to suspeel that fjossibly the ddorite ^pherutes were 
originally of harilc which has >iiu:e l«Mfn replaced by the ehlnrite. 
nitier spTierules made up in griint part of hematite, sometimes show- 















DALK-CAMBKIAN MAXCiANESE l^EPtJSJTS OF KApiiIji, 


4Ji 



Ftii j:/. FlirttiSKt^iili fl( iMilUittvl *fctkui nl IttistiM nniliitur ^Iralc H^S 

iiatur.il tik^r m ur^mi AtmEe; b, tiuduitriii hi^niali lr \tntu\i rermiiiaiiKiitmn «wicr£tFcifi£ 

dp pIliAifkIULlJq 
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Fi* 33- ^licrtiEiIiuMi^rjiih of tiaiidcrl and iKPiliibr iliuEc^ ftMui ii 9 EA; 
(vtWc tnbr%L 4 l h. -iviHlir hrtiTBililc >^h^\r b. calfilf 

btiud; c; barilc; d, ttyrite. 


!SJiL:ru|iiio(u^Ta|ilt •A tisifite Ailii rliltifltr rctalur^nicnl Irom 
Eu; ilidi: :^72: tnihrifcd U iliiiTci. a. bapHe: b. cJilontc tkariK-i c. 

rir>C, AH*k, l-mU *OC H U\\ PfUNTl^l^ KLllHl/AKlf l|^ 







UALC-^CAMimiAN MASGAKKSE l>KPOSn’S OF IAP»« *h 


4 m 

iup carbonate centers, an: I'ounil inoAt fteriuenlly in tbc ;aApery 
bunds. Hue s|>ticrules X'ary in size from 12 to JJO nifcrtms but 

havu average lUatncter of aiiotit 04 ujicron*. 

Tlie chemicnt Einalysb of thiir bcij, wUh its rcirTtIculaltoii, is as 


follows 1 

1i 

JE 6 . 

JdnCO, .. ..... 

| 6.|9 

Fe^).. 

^ _ 

... m.iil 

CaCOi «* _k i 4 i*>ii»-- - p^---- - -1 Pi 


At li. 


---- 

1037 

MnO - 

iiX 4 a 

f’cCOl - F 


i'>.rk 

- . . . . . - . . . 1 1 , 7 J 

FtiiO, ...;. 


MttO - 

i I *41 V - - ■ ■ - - ' * h- 

1^1 ■ ■“♦ 

S^TS 

PA .. 


S1O2 -i 3 " , 1 ^ ^ ta ia. ■■ ■ ■ P ■■ ■! « k % 1 ■ 

%J 30 

CO, - 

■■■■ "■■■F 

jU/> AlA^SiO. 


M,0 . 

,,, ___ 207 








From lilt* above mialpi^. ihi^- itick h e^’H-ntiany a ilDlomitic 
inniiganiiernns f^^rruginonp shale witli coiii?idcrali1e ikmnumta of 
Caj(PO|)4. Among tlie mii:rOia!Oj}ECaily nbucrvahle ininoraTs iti the 
alxive Tt'colciilalinn are cakile, lii:nuitile, cjunrtt. The titnlnlar |K>r- 
tiDUs, iisnally Isatrapic ^\m\ nf cxi:cc<ling1> fine grain^ nre pToLibly 



mI pTiJ-4i|Kk|. 3Lk«Jii|g hisU- 

vfajr ji±*l wiilti c»f Ijun^ roiicl; tjot jjitj V. 
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Long Pond 




& ^ /a 

? SP* 

4 _ ^ 4 *^ 

*f" ^ n.ff 

5 0 £ 

Z . 

f s afl 


L==^ 


jnprJ 7 

dAd/p wn-M 

mff jfe*^ flheif jA/, 

a 4 « 

i 74 T^ 4 l/ 9 'r &Aui^ 
^retrr aA^/e, 


Rei jti, OihtntkUir of Ihi? iisaEiKsiitry^ itonf At Pulifii 


























*11, JiALK-CAWUKlAX MAN'CLUVESE TJErOSlTS OF 

in RTcat I Bin My m i fjtniJWttioti. Thu- nodiiK^ ihn Imml 

surest very iJCtsiiElt aualf^jtv 

B 5. in ai tuiifii its this hed h samicwhnt dw ftiitisplutc 

in all iiktlilifKtrl i> aiwx'hleHJ wiih tlie «(><t>ilcs, « h ihc caw with 
the codtiles »f 319 A 1 j of ManitpU. Ilii^ ElhI » *l.™cturnlly and 
)iiiii«Taluf;u“tlly finite similar K» ihc pbo^jihriik ni Manuels. 

Ij^NC. PONt* Sfa-tJUN.—A lmul 2 V 2 niiles. soiilhwei-t of Manuvl* 
and west nf the Tiftlricifl mid wat;«n r«id (see h't(i. ,1^!. mangunt^ 
occurs, in a low cM. as iioflular and handed layers mtcri>wlded svith 
shale*, rhoitgh the nuingfinifciOHS beds at this Infslitr are cun- 
sidcTTihly more oxtdi*e*! llian tbve at Manuels, ihc uccuTreiicv iw n 
whole is sirnikr and U is ticccssan io iir«eiil the ‘etliuii with only 
brief inacrosCDpicaldescriptions oi the imiHirtnnt bpfs (Fig- 

N-Utt 1^. 

31^ F Id GUdii: iTiHiitlt. 

Q ^iroeit thtkWr 

8 FMictsptLmUc ud^lialDr nintiinaiitic iltalc 

7 Maiigfluifcmna tii>4lulzir nJttl SimiTiciilar ^ti:vTi -.. 5^ 

6 Raiidtfi nortulwr ciffl --t-• + ^ 

5 Ktsyllc 

j Mn^sivc n^Hlulaf pn?cn -- ■■ o-^ 

3 Notlcilat" ^liciJe ii 

( Hc:elv> pTTcn dUtt --- 


319 F 3 fif ihu Stfcticiti coTTC-ffcoiwl? qnHc dtsscly ti> the 

lower noduJftr A 4ii. \lynm:k I tliicfly 1 ft.'- 

causeof thC! presence nf ahnndEini discniclal-sh.ipcfl iKHluIes ifkntical 
>vith tho^e at Miujitcl?- Tl^i- nnijulft^ bavc qltcrcd for the most 
part :o ii ^VSl^l JIlihI da}\ hsvinig ^-ci^ndiiry tiuin^itnejC nr while 
day ccfiTCTS an if clay tK>rdef ^nne> and with limunilk prcijn 

cJxt^v cciitur:? with stcimdary m[fcii:^[niifcmn5; eby hordcr mni^ I hc 
ivtsitlieTi'd tiiKhsks nre very nhuiidntil. 

31^ F 6 i^ ft hc:ivy nittn^nifcmiM hed composiid of several 
to 3"^ r<!J. Urovvii anti i^Tecd mai^j^atiifcrous seritoh s^cpamlcd by lliiii 
ftcrilnbr *1 im1c laniinELthms ihnt Ktv tinw red ki ic unite evldtnil that 
tins bed is a eoHftnunutin nf chlicr Jlfj A f or to or Manneh. t he 
inteiicpr nf some of ihc weathered uadides U n red and preen 
residual cby. Tlic rnangwiilercim wiMiher reddish and 

grmtiHh. 
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219 P 7 proliably a e»jiuinuaii<iii of 2iij A 8 aiiJ 9 of ATaiiiicts 
inasuuich ^lS thi^ i <4 is iii><litlar aiul hiis mnny kitticiiliir and con^ 
Liniious iaspcry ot o.j hidi tP T mdi in tbickiie^s nltcmating 

wilh Mt^li tn I inch ?caui 9 of rt^di-^h niangainitcroiis aliale. 

ar^FS from Els iiniilartty in 219 A 13 pi MaimeU imy he de- 
icnljctl 35 a phptphiiiTC nfwinlar iiiuii^inifcrnu> ^bah with rlie mart- 
^anv^ in evidence a^ puttie hj drfjus i>xide. 

CtiAPtu. Cove Skitipn.—T he mnn^aEie^ ai Ctiai^cl Covcp of 
incon^tderahle ainotint, cKTur? in n very much (ailltcd of 

Inwcr i'atrihrimt lim cstenie*: and ^hailci; a<i aUeraliaji [nwliicts on 
many of the sitiicttnwl lAmm. H it tverc nut for vertaih litliulogica] 
3nnlp|^e^ with the defK^die jn^t ilessenbci:l it wutild hardly secati 
neCci^T}* to give any dctnilc<l dc:^ption of this dqx>su ht?ain^c of 
the smalt i[naiitity of man^anervu jsreiimt 1 i and ,^7>- 



pH- ut tJle fcciiijn aJmm Uie sliorc at CTmpel Cove near 

lltil|triKi4i. Ujc. Ct tflsowiJiB Ihc martntfaiesc xopie ai {mj, 


I'tie i^encniHsied ^ccEiun as \v<nkcd nut hv f’rof. G, y^h jngen 
anil Mr. A. O, Hayr^ ituriri^^ the smnmer of Fultow's: 


t,«. NuwVflr. ^ 

21J c ^ C t>itvc BtEOt iiiatt 

h Alterliatr Hiik tnyrr* vvtth iumll Ibck trebOlct liiJiiigaiswc k^'cr 
H 0}jv* (ffccn ili^rci] lu'yr tBiill'. 

Cj. NwJalar lifflciionft amt ■• 24 -*^ 

7 ArKiUaccPH9 md Iraii-^t^^nc iad alleTiiiUin^ 23-0 

h R<ifi *tRily Hmeitutit -o-.i -- tSu 

lied nJiat<f 

I.li'iivy rcil itmestofLc ^M^+.p.p-k---i 
Uttf nhafifri wift> lim^iOHC 
kvii hiifI Krrinn tirrttftirtic. 
tirrtil h^T|i^^^lDllF. 


l >7 

? 

4 
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Ej Otay liintatfmep 

I ConiiU^HWJltC with «.( j^^venitc, hkitk cli^rt nivj liittiJiiigidt- 

Sycnile. 

C 2 

t f2khti(in Cnncqilrftn ^lalc$ (IlnrcinUinF 

The section represents the stniiigraphic sequence mill tJic locality 
ntitnber^ mdic^Lie Uic posit ion of the kiiers. Quoting Prof, van 
Ingen in pi.:gard lo lllis interesting UKuUty* 

’"It nj^^ican III rstr that we lUtve Uctc the rrmtuutl n. ai|iaj^£ecd jytn 
ciiiTf, fhe ncnheriT tnar|$iEi nf which has r> 0 Gn far north iraNlfy onto 

the iitictertyiiig aegtoinrr:!^^ and rihbon stwrii " 

aT:iC4b tvas suidicd more Iti ikiall hy the wHkt -Itirirm the 
ntininer of i^i;^ in the hi)[^ Ui.it ioiiw tnr^rc dtihtilc knowledge 
might lie gaincfi mt the wcurrence of the niimgnni:^ ai tlii^ {x>int« 
bm without ver>- much satis fnctJon. The stiljilivide<i inmignnese 
bed is as^ follows i 

l 4 c. Nsitibtr. 

tri^L^c Find/ tundcMi Icrj. 

H E'rartureil anil ilickrn^idnl ^jccn i>kqlr, 
xijL^st Jliauk ihHtiilnr calrarrgiyr urccii »lialc wilii mani^aiiejte itainitig 

L) Nodular fcrr^iflinoti. cakarroiu «»ecii ,}m]f wtlli manicwtW stain.. 
j t*‘raciurprl and fiwife sfiale. 

» XJatiKaiiif<Tu«s c-dteaTcou* itn<n slialp with linuoiiu ami pytiVe. 

In as Tniirti si Ihc nL'tiii-antso was. not visihle lo any grttit extent 
in its prinian- fono thi-ini^hniil thii 5tfiaH smes nf 3 to 4 feet ni> 
anah'sis tlmugiit neec$«irii. Two nf the aliove beds, 313 L 3 
anti Jt3 1- ^ are worthy of iimtTOit'oiricrd anil micTOtcnjiicat rit.crijt^ 
linns because nf iiiarked lithr.h3t{iiMl rc^cmbkinec W certnin of the 
rockji III Maniids. 

»t 3 L 3 i. n tiodidar slvife \i [tli cotuipkiwiis cnlmrcoiu ferru- 
Rinoiis nnil mnn^niferous ajajTcgmifjiii ami jet htnek rH'hblef or 
nodular forms. A1] .mictunsl and divisional planes of tins bed a« 
con^iamusly stamc.l with some ^ondary oxide of manganeie. 
probably ti hyilrated oxide sul-Ii aa pEilontchiiir. Microscopical ex* 
antinatiort of this shale bring, out ihc fact that the stmeture Is 
nodular am! ntthinr and ibat the rcjclt is a fi-rrujpuou. ehlorilic shale. 
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The j^TiPiiniluia^'v coiiFi-it® of chfnrtte iiiid* fnr tUcr taoit purif of ati 
iiicl(rtcmiin:i!»lc iTatcilc oocur& ;t 5 an ^iteration f>rotlyci 

or as a consihuent ot ih^ heniaiittc nphcnilc^. Quartz is lound 
inlTeiiut’nt nud vein-iiiling materials 

oi>a(|ne mitieraU OlhtT titan hiuiiaLite arc ai p:&iloiiii^1a]]c 

or ^orne other ?econdan' denvaiive. p^Tile as disscniiTjatinns* and 


Fvl. Plii'jUjiiirjijpli of JTiiijiitjncit on ^lOh Head ; tiOt!. 

zi? Ai 2 a_ a. Dxiiiized iitaii|:an^e ticds: 6 . ifrccn ihuKc 


limonilif a* a yellow dainiri^. 'Hie ^plserxiJes are ff^r the iiiosl part 
heiikatitc in comjTo^ilhnt hut carhoniste a very voiiitnon eims^litncnl- 
UTtc clianicUTs of the sphcntles ranfte trom 2t lo microns hni 
average annitnl 44 anrl yj microns. Tlie f<TmntiiKHis tcniers of 
jHJinc of the -|>hcrttlc> mea-urt ck.S of a iiilcrmti 

Ceaain di^COblnl noriulc-^ in 33 ^ 14 c resemble those of 2 i<} A 4 
at i^lainicU ihou^h they are very' uiuch less aUiinilam, 

213 L4a is iii^thihir ami ihe les^itire tNcrcilin|,dy fiiic-j;niiiieii md 
Icically crysiallim!. Phe i^n’atcr jM>ition of the thin •^'cl.ioii h pro!*- 
ably coiiijjosctL of siiale naatcinal and ihc rcinainfler ts mken nji in 
|iart hy ealcile attil orhotialF tlbi^einiuEsrioni^, m repkicetncjil 
material of hvolitites shells, or as mincnl aj'grii*atcs. Harhe (Kcnrft 







WAXfl.AXESF. JllimSITS OF lAfrii*!, 


41 *S 



Fla 3ft. Vifw iiE Hr little Suiilli IIfuiI liM>ktii)i ftCftpss I lie nimtili o| llw tMirJwr in n iiortlicriy ilin;cn«jn md 

•liiitt'uiu ihe iMtiPin iti tItK ««« (»-">■ 
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at lnfro|iii:fit il[$»iiniijiatioir^ mu\ tiKitvidiiul pi Lily cry:^la.1s Jim I prob- 
My ott^e furnicd ihc Hyalithrs'Mkv now rcfdflccfl hy L'hlorittf 
and a carbonBie. FVrite- atid licmatik arc frjtuul. Tile nofUiles of 
fins iKTil, sub.sp1itdca1 In slitiw under ihe mcro^jcope a compact 



Fill, 411 Vicnv i>f tUc itiniU£»n(!N: ljuis <■] <bliOi!iE ihe ™ un llifi 
c-ftsfrt aatJc Ilf UnEti:^ Hxnixh 

structure and an edniofe’t iiitpuIiKible [hiencsi oF jiraiti. Uiulcr croF^icd 
fi1e<>b an 4 }€r as initial angular h^im^ni of liiwiri^s U found hui iht 

BToiunlniiiss a.3 a wbolc yppirars lo 1)c isynti^tpic. It h dull 

these pebbles are annliifjini'; 10 the phoiqduiic pebbles of ATaiiutJ^, 

ami Lon^ Vom\, 


4'>l MASGAXiilSE DliPOSlTS 

Sfxth>s.—A l liriijUi SoutU Hwd un ihe west sbore oT 
Concc^licm liay twe Figs. i. 3^ 39,40, and 4 > > mangantst U Iduiiit 
to ti great extent in ilic oxidiiteil state in severaJ ttc4s at the watet'a 
cilgr in the iif lower Cauitirian age which rnnke ii|.» the ^hart^ 

hog hack ridge uverlotiking the '* I'seedteS,*' Because of the idiic- 



Tm 41, VifW of iliE ^ NeudJi't*' it ilic extremity ol ItriHirn Saioli tleiil. 
ttvowirig the niaiigiutrite XQtio l.•■A 1 . 


ceSsihility rjf that r»ortion of llie ridge where Uie numganese was 
best jiresert'ttl, tlctailcd ititasufeiueni uf the tieinioit w«* tiDl 1*0?- 
siblii Pdjf. van ingen amt Mr, A. O. l iayeh itt igts foimd that 
the iH'st iiiitngimesc measuTed ahom 4,5 fed tliicfc in s voiie uf 
13 feet, SpeeLniemi etilleeled frfjiii inore accevtilile ftoriion* were 
all practically alLcml to psilotnelanc htit there is one which shows 
I tic original jas|»ery cirhorintc tjiiUt similar tu itie tyties ik-scriUHl in 
cnnneclion with the Manuels uceiirrenec. Several old prospect pits 
on the Tlmre accc^ssblc parts iif this ndge wcfc examlnei) hv the 
writer. Ijtit (lie tnatigancse was fotuitl ui Iw in its scci.milary stute finil 
the interlMidilcti shales in a very tnneh Hisiurlwtl eoiidiiion. Thr 
strike of the strum of tilis localiiy is N, lo I'., and the dijp 4? E. 
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Bri^ua 



Fw 42 Coljmmar tedion a ^liioa of the lower CAinbnKj^ al Brtiru* 
Sr^uili ffoitt mcfljLiircisiciiLi made liy Gilbert vau fnifcn and A O-i Unyca, 
1913. 































t'c, UALIi-CAMBRIAN itANGAKESK DEPOSITS OF tAiwH rv 

The following Et’clion as prqiiire^l b>' Prof, van Ingcii witi Mr, A. 
C>, Hi>‘« from Ihctr study of the rejtinn in iota show' the strati¬ 
graphic reliiiimi* of the mangshtic deposits at thta jioini iFtgti, 
yj ,incl 4J). 

NnmNf 

jts \ lirtcT ’ihalrsi cHii af — r-iHH Ti m ■HH>a i I 

[j l'*jr{idGxMri tuntf, iirr^fil .... !,■» 

jiaAijrb Gfitctt dtaJe# .. 

*ptit (4-3 j r K, *H i >5_Q 

]] Rt^il diaftiv tiiin liund __, __ 

in Gneflt ilkSile _ __ .. ^fluo 

0 diJilt __..^ao 

8 Rci! *hn.]y ______ %i£ 

/ shale __----------- 

6 Liiii^i^stone, heavy whhc at base, noitular atiii ml ahpt* 

llalittm Irfkihtf n • k ih ..— 

5 RtiJ ibilti _ ___ ,.*s 5.0 

4 very thaly ____ i:m 

3 Red shatc . ... i***p p-iip ___^4> 

3 L]at«ft<?rti; witfi CrjptoiopR _ pjuxi 

I Re^t uliak Hfiili local fiarajht^rrr ^nil ntiLglmnmtr __ 

UisoianfomittiiV 

Cl prr-CainhTwn stislr jud flsh IjcdjL 

lilt striking fenliirc of this section in (liu po&ilioii of ihc man- 
gane« ?oue tn relation lo tin; Pitradoxitfet Iwd ivhirfi la ejtactly the 
rclftltoti e-Uahlishcd at Manuels mid umloablcdly xil the oilier locall' 
tics descrihed. 

Sjijm Suutfu Skctios'. Tbikitv H.iy^TIic tnanpincse fxmc on 
Trinity huy occurs a1 ^mith Point (Fig. t 1 as two masstve beds 
ossociatird with red and jrreen tnwhUar shalw and JimefitoiwA of 
hiwer ranibrisui age, TIk! :iw;nmji;itiyiiig nwiji (Fig. prepared 
from a tratisit survey of the shore Unc hy Prof, vun. Tngeu liuring 
the sntnmcr of shows the itniciural mid slratigraiihic relations 
of the two tminganftiie hds, 230 D 20 and U 27, Tlie general strike 
of these bwU is nnrlli and the dip, 20 west, 

130 Dj 7, tile iniponnnt liiEmgaiieFe hed of this section tFigs, 4^, 
4S). misisures some 38 indies in ihickuess, anil is faiiltwi with a 
downthrow of 15 feet on the west side, || is the t.liicker of the two 
■iiarigariiwe buih, and 1ms licen found 1iy analysis to he essentlaUy n 
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Fus, 4+ Columnar aecliuii of a |K)r«Uin of tftt Iov»«- <j«il 
Cove, iiMF Smuli Pmut, Smitli Sound, Trlnitv Ray w»_f i 
the iftangaiicse *4jn,. ajg io aft Ncwfowul 
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iN«4l C:ONCF:PTla^ AXltTRlXlTY RAYS, KEWFOUXDL-VXa 4'2tl 

m.iii^aiiifrrim& ilglornijlc ftTruginous shuk. T!ic hri\ FOiiicwhat 
miiS5ivc sinil nuilfiifar thovf^lt the xiortittc^ ate verv' irrt:giilfiir Hi- 
jjored willi ihn.M? ^il anil other loc;t1iliest irrcKti^ar ct^slal- 

tine ar™ fimii ihe iioitubr jnH-tinn* while the imlrix ^ niuile up 
<if more sir^ilhiceon> matter. Thiii tnkcit ffoitt ihe hnttoui 

aiiil i.entnil [Muliotis of the led were eKaititiitii inicro^^picallv. 



Pie;. PrK{K?^ure uf TPinii^fBn eit nfsr. M^c hTnail Cmit ■kuie, 

ntif Sixillli tVinL ^mhli .Wiil. lliit h ^ firr^maiuf^nc^c arlw- 

IkiI 


230 D 37344 ifr 4 reihli^h rujiUtlar UflJ k shale, w ilh liciiiaiitjc 
^‘iirtinii.jle quihitig np the ^nrttirr nf the ilcieriniunbk 

ivtineraliii ai^f^rLtraliuus <i| a fiiic-|jraiin.al dark material T'ujige'il phw- 
phatie iiuiUite* coiiimnu hi the Mrimiel^ oceurreiiee. Jrrej^ailiLr 
1^1 i 11^ of I [tin ft jc iihd aggrinjattriti'^ nf ehliitke are fuusiil. Sections 
ill triiohiies and oihcr un^aJiie funns contaiiiinit carhffcUHle iiiflieria! 
alKHiiul, Sciiiie hydfou' man^^ujtk dioxide ocenr^ i Fip. 47+ Slide 
Jt/'j j Peclhms ffiiin the miihlk iK>riinTi< of ihc hciJ, 230 D ije^ 
^ihove ti icim eve I lai ma ssi vc^ n ui lub r nr '"wdil te r Ki \ d ish n >eh. I k-tiia- 
tite ii h^tmU a^^ a pijjiiiettt and Ef> a lefr^-er cfXieiii as hislii^iis ofjctqite 
^rairib tu which the eolti-r ut the r^clv k due. A m:ingaitic oxide 
occurs as irrcpiilar aiul In frequent ^riiiiiSi. taftHniate occurs 3^ 
vein tkilirtpf, as Irregiltur rireas, ur as replncenieiils cjf siriniles 
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Ni^jrcr of tNt fernj-inatlRiLiitfte ore hcdi 330 [>27 limnii Dwe thaJX. 




ipn-I COKCEPTIOK AND TRINITY BAYS, NEWFOUNDLAND, m 


fttiil olhcr OT^antc liniiits. Barite is lounrl infrcc|UKiitly, soinietifnes 
with chlorite fringing iL CUlorile mKV be (ound rtirjdacirtg trilo- 
Uitt fr^'ignieiU*-. 




Fiii. 47 Mitmi>hnio|En|iti of (ntnij^ncsc atc, 

ffcrai Btwnl Cerrej cnbrij^i] ^ diaifl. Ai nmngAisri? cifhufmtc'ttxiik 
lire ; 1i, Tr^iginnil of triloHilti te^t. 

The fall owing analysis and Tcciilcubtiori rcfiresent the chi-mical 
Ci]iii|Ki^iiifiii of an average ^ni|ile of the bed ami will corroboratt 
pf the |H,lrogniphic obseiTatinti^i 


A^fAT.YJilS 
jjf} D 


SiiO, 

FeA ... 
AlA 

MrjO ... 

CaO 
MuO .. 

m ..... .. 

........ 

EO| 4.fc,i,^p4.*+#. 


k 4 jN'jlLY£]^ K 1, 

15.14 3 ^nCC^ , ,^--.i.»******-.,*--— 

BnO, 

ism CtCOi -- 

2 ^^ MkCO, ... ^75 

TCLfL| FtjOi „ fc l i c 

^.73 

ijsfr SiOp --- 

alljO-AVO, sSrOi jm™ 

^1.05 im.49 

lOtxSj 


«WC jk^aKii, mil, ioc.. UW, mo t«j, misti£i> re.si'Aii» aj, 1916, 
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The niati|i3jsc5< aecordi(>g hi the rccakiibilioii of the Maly si h 
CisenU^lLy in the form oi »i rhiMhidimsite and whatever manganese 
there is in excess pfnbaljly exists as a jxrroxjJc. It is tjnite possible 
that Ga»(P04)i; e^tists in the irregular l^bek fine-grained area^* 
though nothing definite c^n be saiil in confirmatkMi of it at this time. 

Section? uf the Lnw^a Cauhbiax from Tti£ or the Lowe^ 
P^aAiioxinEs Zone mw?f to the Top of the Ssarrtt 
PoiXT Limeston“f_, Trinity Bay (Fig. 47). 


J^moLfaEF. rt. 

jjjo D 33 Ttiln itr&mf of iicKlular hnintoiiG \n red ihile ... 

ji Bright ted tlule 4^0 

30 Gr^y greo) >hiilc *..--ik. 140 

3? Dike .. .... 

2^ Briftlil red fijsailtf fliaJe with ihin |£rc^ *ffl±iiii uiit ikalclic» (3^.0 

7 T Maitganciic liiiteatonc (itiiiJtiiaittferoaa dubitiHie iliate) 3 *^ 

2^?' Fcil fi^silc slifl-le -■■**-« ^6-o 

25 Grayish ifrccft Fifnir iWt 3041 

24 Brluiit fiurpliftr idvalc alterrtsutii^ with hri^ht mi ^Italr __ 

Green irrilty slrate __ jijn 

Cmy band of fine Krarn silieioim ImtcMone fott of pyriles iitd 

$atnc httichiDfodt and mlohlte* .*h h .^-#,^.*,4-.-- OkS 

21 Cnliy diatci hrarlfiopoEU ami inkihiLn -*-**. .. 

*-t> l ietvy Kreen lUkLiou^^ coiigloitieratic iiianR:inirerciiH Umnlcme ^5 

ni Purple ahitc ,...p .. . . ton 

t8 Gfttn ihfllc _. .-ip.i.* k^i.*. lou 

17 Rcrl «hak .. 4?^ 

b—Cciiitalni iHlohUe fiiHUA .hp„..-,.p pp,.*,t4w ft. 


tfi Smith Poinl IJmeJimtc. 

Total.. k^-. ... P«P^.. .-555.5 


V* OTHFK MANCiAXESE DEPOSITS OF SOMEWHAT SJMItAK 

CHARACTER 

StflimenlatiN' rlcpnsit^ of mimganesc are tint of uncrnnmoii ocenr- 
renre hut it Is rare that ivt finj sticli Urji<>stt«! sttll in tltdr nnsiltcred 
coudidoti as tliej" were f originally fotTurtl. ITierc ufe how ever a fewf 
dqxnits ekevvhcTc which tti matiy resjwcts rciicnible tlit Coisception 
Bay and Smith S^tuiuI occiuTeuce^s. 

Newfoundland, Placintja Bay* (n Plnccniia Bay, New- 

















CONOLPTION TRINITY BAYS, NEWFOUNDU^m iZ^ 


fotmdlEind. tiiangune^ hajt itcci% tfr^ilHHl by Murray anrL Howky 
33 3 nia&sivc carbonate htii sriierbcddcii with slates cjf Silurian “ 
age Dr. T 5 teny Hum (izi ^ ;Ltid 203) de^ribed this 
mineral ai 

^ocmpaci ind kiipalpahlc m tcxrurri hTiUlc* iviiiv a coacliQidal fracture and 
a fccife wasy luster; ^Ki^hlb iTaiirluefiU utt tbe thsn «dicE«; color fawn 
to pale cbcilnuE-hmwTv; rtreak white, liardne^i deft^ity The speci- 

judi ah&wj Cauii liiictr wTiich ^eem to [yc thoac of deposition iiniJ give to the 
nias$ the aspert 01 n winter, ft is eacmsrcd and pcneiraie^l in parts with 
hkek crystsillnc oxiitc of mujiKaLnes*. The prctcnCr of oxide of maiTR^acsr 
in thti minml k rrohably dur to iu t»ortiaJ dec^nuposlljoii/' Analyii* of thii 
minerttl lo* Dr- Hunt h u folbws: 

MEICO# - - m ^ ^ . mm i.m ^ m .1-.--. i * *-m * ■. rl • I ^^4-6 

Fr. C-aO iIthI ■■ ■■■■■■■■■HI tracej- 

“ThkdefKistl U of inlcrrsl Lioaetoniit of the exiilrnct of the ftleul In the 
form of a l^dEil wbfinmEer It proleihly repriu^su the forater cootUtinn of 
nuLuy of the oatidc ore^ of eiscwherc in th^ strattficd rocks* but 

they have sitiet been convcrtcit 10 ttieir iaerc siabte form,*" 

It is ifuite evident from the abc^ve description of itie Pkcenliii 
Itay mattgajiHC I hat we fjave h\ all jirolMthitiTV a dejsoiiit Similar iii 
mineralEJgic character and stratigraplui: position Lo Uiose in Coneqj- 
tion Bay, Ko piib1idte(i z^tmtigrap^dcal or |Kilfvtmtoli:^ical work lia^ 
appeared on tlic Ilaccntb lUiy occurrences. In llial portion of tlm 
paper rclatitig to lUe stratigraphy of the ninnganesc dqKJSit3 it will 
tjc readily seen Utat the hauiii iuto whkli ilie mangauiferou? muds 
were de|K>sitcd to form the pres-ent manganese he<!^ of tlic lower 
Cambrian probably extended lo or covered Ttacentia l-^ay or that [Kjr- 
Jitm of fbccotiit Ray where wc now fiiul Cmiibrian rucks. There is 
no doubt ihiit the "Silurian rock^** referred to above by Howky 
and Murray are the tower Cauibrian. 

\VaU! 3S.—SedimernaTj manganese deposits have been descriticd 
as occurring in the Cambrian rocks of MeriontfUisliirc* Nortlt Wales 
by Mr_ F.<lw[ird ifalse ^Q^ 156I in an ortide entillcd, ‘*The Ckcur- 
rcncc of Mangnnc^e Ore in die Oiiubrian Kock^^ o^ Merionethshire:."* 
He says; 

**111 dir Harlech lUiuc. ihc \Kii of ore is Ulllc nw ii fortC thick. rausiElm|r 
of itTit of niEitiaiji oirrljilil by a I bin h&iirll of iptaitt^itei jifyhahly ntetA-- 
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rtrtirtilKOitil anL Tlic iwf ptoInt mntUt nl ^Kun i fwl of very hiifil, 
iCltuto«c rwJcJk, icnticil jtunc * by llu: tttirwrhL Sj*«iiijcii 4 uf <nr taWcti 

frtiin tlJ« mitie are Wen lo lie forHird of wniforra biyitin, tmvitic (ffty 
Uh, while, ftreftiisli and clkwdnEc-browii layer 

A reference hy J. A. Pliillips anil Ilcary Loui^ So tbc «Mtic 

occiirrcjiee b as follnw^ : 


" ilcdi oi carbonate oi tnatieaTte^c vriili fome iilkale,. the oiilcrop4 ul 
which tuLve been la flome cxicni changes! jni^ hbfk OKidc. occur iniercaJatcd 
between ^5ti ami OflUiglcitticTatr^ the Canthnon formadori. and 

itavc Iwrii reittirU to ^ttmr rsttentt iht iieck eaiy from iwsr to two feet in 
ihtckurai!, and ^'trM ore. a^'craginR about twenlx^ieirtii t^er emt o| metal, 
which h uKd in spc«r1 niakiug. TiLiKe depwtv arc cviticnttx i,> 7 iipli>tle and 
livlong to ifroofi b ol that clais.^ 


PhilUpF and l^otris IjcIicyc that tlicdc were fonnctl $>Tt- 

g:nicticaUy Inrr from prectpjtale^ in arpicciiif solutions. ThU i:kpoii£ 
$iigge3t$ very striking smiitaritiw to the Manuds occurrence not only 
Tiiincralpfiica)!y and geneticatly but al&n trail ihc slandpuint of 
^tnitigniphy. 

AaiLANSAS.—The Ca^on tnicl of the Batcsvillii Arkansasi 

presents certain petrologicaf analogic^ to tfic XewfotmeUand occur¬ 
rences. Dr. Penrose i ^o; slg) describe5i tbv^ Ore as ocairritig 

*' in icnhctilar bycn, Tarying from cigtilli ef an inch to three inches in 
thkbiiYH, and intmtnitificd with an iiidutaied red ctay of a iJaiy uruanre. 
Crncratly. liuwKviTT. Uic ore ocmn in ibr thatic iif Hid* Iniliciitar concTchfmi. 
fr^mi a rtuicrtcr of an mch lo ueic tiicli in iliimif irt. Wcalljr ktuiwri a^ "hultoii 
ore.* They \my^ a concentric urucitire, arc dolt black on the uti^iift and 
h rigid i>ii the ifiisktc aod arc tmbeilded in a red or brtjwTi, fliie-'gfnined and 
more or Icm calcarcoiM landfitonf'.'^ 

Atia1yi.es of the Of^ ran as follows; 


Mil . 

1' C « ^ . V 

SiO, ..... 

1\0 .. 

AljO, ... 

CaO . ... 


--..SUL 4 I 

« V N . . . . * .• . ‘ ■ h ■■ -a- H .1 Xr 

12:157 

. 

3 h?ti...-1,37 

-- Ma-- jtoi> 


Similar cmuiiiiofli lo tlwise iMJstulalcl liy Penrose for the ac- 
cttiimlatiori of thir mangiuiese in .he Arkansas fcpnrj sctui lo mi; 
to Ue anpHcalile to tin: .Ve\^ touiKlIatnl dtposii?. 
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In wntitig »f tlic cifculutkiii of ihe iiiaTj|:iiniferoij* solution.^ ami the: 
ronditions under which they migtii be iirecipituted in the coastal 
shoial^ or lAgoous, Feomsc says f^o: 590 > 5*^^) ■ 


“ThI* gradual IfKal &sxiiiit|il&ttrnj ftf tsitil ajiit marine vrdiinrnt* 
eventually ww RlioaU and coiauI aad swwupx into which 

I he walcn f ri*im Arehiciii rtmk^ cf the Mis-siOEi ri ArcEiijielago would drani, 
•"JUre dje MihittoTig tJtpoa^il in a Ftajionao' conditwn lu ihc ostrfijrin* 
amcl cTmportiiiisg aciioii of ihe atm^f^pberf, wutald defi&sil ihcjr tnetahifisTOHi 
cmileiirs a* cAthoiiile nf tvtjuhly ^xirte of maiuraiirw!. In sKfmt ptace* coa- 
ifderable Inxlie* of ore bi? foniicd iti one sjrat tn oilier* the tnariffa- 

titae wotild tni iJessiojindTcil ihfoiiBll the mccliacilcaT ^cdiinenK l>ciTig laid 
down at llie ssme lituc. A setondaty chemical aeiiun inight caufc the *ejpT- 
garlrm of ihc dixseminalicd nMnaancpe atid ibe fonriatloR of eawcretioEi^ of 
carlnxiMe of munwaiirK- ivhich would Ik later uickitxed in fomu sueIs p-s are 
charaEtpriitically shown al Uic Ijami tniiie, TieA.r Batcsiville. Mint elscw’berc in 
the regtr^n In Other [ilacej tlic manganese might mnain in a finely ibtBcmi- 
iiated £latc> cailnng ihe common oceurreuce now seen tbmiEgliuut the TcgJoii 
ail carlbj- mariganifetntls Itnjcstojic coiitainin^ frum 3 lu i£ |?w Crait- of 
manganetc,” 

Saxoxv.—^ rhe writcT wTis led lo analyite c^nain of the man¬ 
ganese tttjncral^ from Sclidjcrtholsc near ElLiiiig^crodc in the 
which were purchased rroni Kranli, because «( certain physical te- 
seznbhincei? to iht: Ncwfoundhind sijevimetis. One £|tcdmen labelled 
Alingite with Dialc^'lCi cie/’ consistfl of ihrcc different muteriak: 
the firit is grecuiRh 4ml gave the foUowing analysis t 


Sif). 

FeA 

AbO, 

UnO 

CaO 

MrO 

COy 


......I. 3940 Mn^iO, J3-OS 

.. t.^ MnCOi .. ( 5 os 

... io.;:u MhCO, ... 

-jyijg CaCO. ...»... i’ 7 <J 

... _S1O1 . . ... ... 

,pktciOi 
I... 1 ■»».----ii i-tl zIi-0'AbO|‘-z2stOi „,n 

.. Ijtj (10.8s 

100-79 


UiifortiinaielT the early descriptions of thb suhiitauec were not 
^pioted very fully by later writers, but one ot the iiii|Kirted spcei- 
mens which was ^iiiiibr to the one analyze^l bad the folEonving 
original label pa^^ted on the Swtek of it; 
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Ontner Alb^itc iti Temicwiitf 
cifigcu'ji£hicn^ 

7J.71 M^tt^ux^dulit. 
i6.<ki KicFctcritc. 
j.jfi Kf>hlciii»aiirc 

ScitdMiilmlf Ud Elbinici^^t^ 

This analj'^i* W3i5 pvib 1 iiili«l in \Bij «tiiEl iftig (Jasht ij: 1-12) 
and CO all appearanccii 15 die same mineral mialyzed by the wriler, 
which i:^ aJso Labelled aUngitc. 

Another part of the same s|iedmen is a grecnii^h jaspery minml 
similar physically to the green hand of the T^ewf-Dundlami s[H^Enen 
and lias the following composidon 1 


SlOj ^ 

Fe.O* 

..7640 

SlOi .. , + ^ ,^4. 

MnCOi ....,-* 4 .. 

+ * - F ¥ i# * • *. 60 -S 4 - 

Al-O, ......_ 


Xtc S llQ| n.. __. _ 


MnO .......... 


MbCO, .. ■ ... 


CaO .. 



h ■ 1 ■ d * * d 4 ■ ¥ ¥ iSO 

M«0 ... 

HjO ^ ■ 

COf 1 . . 

....I........ 

.............. 7.3a 

T«^M 7 

2H,0 AltO. sSiO, 

-■.dl— fi.ll 

10014 


According to the recalcularion ihh inaterial is a manganifetoits 
argillaccoti^ chert^ atifl ii in nil prohitbilily the sihcioits schist or 
stialc of the Culm referred to Ijuet on_ 

ITic third portion of the ^pediiien anidy/ed h a pinkish sparry 
nunctal occurring a? TinaU Veins with the following composition: 


fr/f<alnir<irr{7n. 


SiO, .... 


MnCO, ., . 

Jrfi ri 

Fe, 0 . .. 


SItiSiO, ..... .. 

fli^ 

AljOj 


CftCO- 


MfiQ ___ 


Mut'd. 


CaO .. 


SiO, ....... 

4 Tfi 

.MsO . 


Fe.Cid 


H.O___ 

. tdOi ■—ii 

--... jraq 

2H.0H6.asid. 

idikii^ir.-.* 5-93 

ioaoD 


This minemh hecairsc of Its similarity to another sjwitncn with 
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ft laltd which rwjils '' Spaihigcr Diftllogii *' pasted on it. is probably 
diallottit. Ji is howem tj vct)- impure rUwiliKhros^iie, 

According to \V. HoUtwrger (u; 383) an** C, Zerfenner (^5: 
>_) iht or« from the Kaiser rniiH£ mine near lllbingerode, in the 
H.in, occur ai pockci-.shai»eil intereaiation? a meter or ^ thick in 
the silicons ihalei of xhe Culm. The ore consists of (wilomekme 
in dense arni Ulryoidal masses, soiia pyrolusite and coatings of 
wad, o-ith rlK^lonite, rlwilochrositc and 4uatti iirt'Seiil as acccs* 
soric*. The ore formerly worked containctl on .m average Go lo 
6 ^ per cent, of iiiaitgtuicse peroxide, somctinies rising to Gy per cent, 
(sjt 230). Zerreniier consiilers these majigancse ores as later 
nialcria) separated out of the silleious sliale.v a theory wbtcU needs 
further investigation Though the above describetl de|«$it is not 
the same as that front which the specimens analysed atxtve ctiine 
from, it is no douht similar. 

The Elbiogcrode ucairrcnce is similar to the deposits of SE. 
Newfnutidland in tluit they arc both pHnvjty manganiferoos sedi- 
ntetiis. They differ in that the niaugaitiferoue lonc of the fomter 
occurrence is constdefahly regionally melaniorpllostd while the New* 
fomidiatid sedimnits show very little change in this way. Accord¬ 
ing 10 the ahoYC analyses, assuming that the imported specimens are 
representative of the region concerned, ihi? ileposits arc very dif¬ 
ferent in as ttnicli as ihev consist mostly of rhodtuiitc and manganif* 
erous cherts while tUme of Kewfoimdland an^ carbonate-oxides and 
oxidc-cnrbonatcs c)f mtinEaiwst. 

Vt CHEMISTRV OF THE M.\NC.ANESi: DEPOSITS 

The most striking feature of tite ftccom]*anyh^ analyses is the 
high coiiteal of MnO which mnEes from 1^.43 !>«■ cent, in Analysis 
m 4D.25 iwr cent, in Annlysis D, with an avenigc content of 
30.02 per cent and an average nieUiUic manganese content of 24.G4 
per cent. 

The manganese is prt*ejit for the itiosi part as the carbonate, 
MnCOi or rhwlDchrosite. which varies from 10.23 per m the 
red iK'uid (Anal. E> to 44-39 per cent, iti the green battil (Ami. A) 
of the Manuels dciwsit. Bhorlochrosite is not rccogni^ble as .-^uch 
because of the mifuilpaliie fuleiicss of grain of the dc[>Osil. 
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Soltiliility resiji rrwiJe of ilie red hunil (AmL E) wliich Iiels 
27.61 (Kr ceiir> of SiOs. in which HQ w as u$^l as ihc f4>lv<!?nL show: 
ihnt the maugaticsij must be jiresent m some other combiniu,ion than 
in that 01 tile $ilid3te, a$ tlic ft-tiilMC w-as itifftcietil lo cover 

the Urt^il sjJiea, SiOji .SLCi^ and I'aCh, Iti AnuL D, it h evndeiii 
tlmt the two nto5i iniporiant coiutUnpnts ^re \ ami MiiO^ 

wiih of 28,93 r^pwtvcEy mid iktt the e 3 ?ce$j 

cttlcul;ilL*d as the oxide la more tJian sufficimi to form 
ad Lntpcirtajil manganeFe ^-ttieatc as ilic mideraf percentage of SiO^ 
h only 5_4o, w bJcli fad ieniLi £iti]i^iciii to ihc result of the soluWliiy 
test Tirade with the red hnndp Attiib E^. A simlbir intcTprcUdion 
mtgliL be made wilh I he Topsail ore ( AoaL T) w’hidt U pnrbmrily mi 
oxide tire vvith AliiO*— 3+^35 and \lnCiX— n-27. SiU(p of which 
there is 10,32 per cent,, probalily is present in an iincuTubmcd slate. 
The tompatativc in^iahiiity of MnOJ, wmilch lead one lo 

suspect Uml tlie excess RltiOj, w hete not of pfimary origin, a 
derivative of tlie carbonate and not combined with SiC). to fonn the 
siHcatcH MnSiO^ 
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then* ts in the To|iSiitl ore ^AJiah 1 ), the excels 

manganese probably ts present as a hydrated fx^roidde such as 
psilumdane but probably in a very fine state of ilissccnJiiatloiL The 
miinrhablc feature of the saniple:^ itiuHed is t!ie conspknous ab¬ 
sence of the dark oxides of manganese so far a* macrosoopk am! 
microscopic ob&er%'aLioiti are concerned but the reason for this may 
in the caftc of ihdigiiter sampIeSp anjn^ay, (Jut where there are 
ahimdiint hetrutitic $phemie<^ there may be some miuking; With 
the darker specimens studied, such as the red and brown bands at 
Manuels atid the luritit ittaugauese ore of TopsaiU ( Figs, ^ and 
jaji the con! 5 ])icuoiis mangamferous and fcnttgitious fttuiniiig iiiight 
easily mask finely di^seminatei! particles of the pcroxidi? of man¬ 
ganese. 
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The two luosi con5|}lcuous minenil asiodariona of ihe mangHne^ 
^Iq'iosiLs of lOuUieswtem Nctrfotmdlajid ate the irkalcmm pbos- 
plutCK OiilPO^)-, and Imrtte, UaSO^- Only a few of the Ijedi 
were anaJyred for the former of ihesc cnnstituents where |>ercen|- 
ages of Ca»(POJ* ranged rrotn 2.50 at Smith Pomt (Anal. K) to 
10,31 fAnai. E) at Manuds AnaL B shows 3B.77 per cent, of 
CajI PO*)5j references to wbirfi are made oil fiage^ 4^ 453 : 

Ftuc, jUMUh «lir, 14V, MO SE* rtEyiTO rflll*UAl.t 36 * 
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ua 

i!t quite (irobalile that others of Llie inanganiferoua bdU )inalys4xl are 
[}hospfu 4 iie. 

Barite (BaSO*) is probably more cornmcm than the analyscA 
indicate and is [iroiably induded with the SiO, and CsO. It U a 
conspicuous n.'S£peialc of ihew dciiosius. w has been found lo be 
Ihc cose with niaiiganese dufosits in other fiarts of the worId» Hie 
chemical «a*t>n for this association of two vety differ (nit chemic- 
3 lJy*actlng elements, as well u the goiEsis of harile are discus-wd 
<jo pages 45 >^53' 

AiPtp thpugh Bfrt as abuiubnt is the ttnporumt moiiganiftrows 
beds as in a iyt«cal shale, which that of AnaL G apjtroicimales, is oF 
sufficient olnindancc to connect these ileiKWiis with the arfiUaccem* 
•ledimctiU Caf) and MgC are in frrcaier oimnnts than in ordi- 
nary i^haks. giving the *l(!)K).siii a calearewos or dolnmitie chamner, 
Ftoiti a study of the mineral twreentage coniposititm of the 
samidc-s analysed* the nianganesc rtjcks arc found to be csaertlially 
calcareoiLf nr dolimtilic atgiDaceons orlKm*^tes anti oitidcs or car* 
bonatc-oxitle* of manganese, with hematite, kirite. and tri*cftlciudi 
phosphate as the chief actessoiies. 

The foUDVvmg iron dclertninalioni of the green and red shales 
of the mangaiiese aotie at Manuds, Cnncqrtinn Bay, ib»w‘ some 
interesting results. 
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It If quite evidomt from the altovc analyses llsat the color in the 
green ^h.Tlc A j and in the green land A 7 is not rlne criiirely hs the 
ferrous iron bs w't finil considerable FciO, in both. In the green 
shale. A .V there is an excess (if .54 per cfiot, of FcO over the Fe, 0 ,. 
while in the green band, which In maiigantferoui, tlnTp is ttn ««css 
of .15 jwr ernt, of the ferric twitle (hematite) over the ferrous 
oxide. In the green kiud wc should expect a mBifcing of ill* green 
by fitnuaiilc ma^miicJi av Lherc is such fltl twefs of the fimie over 
the fcrrmiii, Thin *crticmi nf tht» hand and the Rjecn shale reveal 
some hematite hut in tctj ineotisirlcrable amoinitsi nut ciiaugli. at 
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fitl ev^sats, to tic pcrc<mt^c? ;i5 l?raiigtit out in tlw nriAly&ef. 

!l wotilii swfi ihrii (hilt thr fi^irk iron iloc:^ firjt exist eiscnibJIy as 
licmatite hut SIS li silit^ic or some other allied miiim!, and that 
^h^L Kt«ti eiiTor so prcdomjmnt m lie niaiif;;^ 4 ^iosc \mnd^ an<l shales 
may Jw Aw to the ferrous si>il ferric ^ilicaic. 

The prcwicc of hematite in Lhq reil bant! has imdoiibt«!!y caused 
ihe re*1 coloratiou ami iltc siutic may lie m refermcc to the red 
jio A 4, whem there h an e^ess of .7^ of FeO over the 
Fe^Oj, \m fn these there imdouhtedly 1ms t^ecn e^uffieient mas^kir^ 
Ot Ifie ferrous atui ferric of Iron hy the hemaLite. 

'Hie prcHhtniiiTi of the hcitmihc was prnl^ahly liroiLghi nhoiii by 
the converniem nf the ^iilcalc into thrmigb oxidation. 

\1I. GE>rESl5i 01 - THE ^MANGANESE DEPOSITS AND ASSO^ 
aATED XtlNERALS. 

So many of the sciiimctnary manganese defmsjL*^ deserthed in 
the hterature nrr in iiich a highly allered condition localise of 
oxidation and ffeeder seated iiictamorphic iuflucncefi whcrdiy the 
original or primary mangaitcsc niiiicmU liave been so altered as to 
f>e of little generic jigrnTie^utfc, tfuu thr carhonate-oxide manganese 
Ore^ of 5fintheiv5t NewfoiimHand, which aItc ^urdy priwiarj’ orcii^ 
give promkr of yiehEtig evidence of cnn?i!4lcralilc value nii the 
f[uestiou of genetis. In eonriderbig the gencais of any marine wii* 
mcmtaiy' manganese de|io>it*TT are, howc^'crp confronted with 
many grave tlifheultle^ Ifccauac we are dealing with sutHiiarSnc 
cheniical coiiditEon^ of which liltle is known nml with ilia^geurtic 
ptocetsc^ of which still !e?s h known, ft h also %'ery difficult to 
advance any suitable dicinical iiypmhcsis fotuidcd upon ^mc re- 
aciiuti that flUvci^fTiHy works <iui in the laljoratory which vHU not 
lienf doublfiil applicaiicm in nature. With thes-c diflVeidue;i in mind 
the fottnwing xulijccte rdaimg to the gene?iis of tlie maiigancse 
i%iCKiits of southeast Ncwfcniudland wiU i>c consiilerrd - htarly 
Catnhrian phyriography; Nature of ckfaj^ited wHiuents; Condi¬ 
tions under which the manganese deposits were formed; Smurrmry 
of gruesis of tuaiigani?sr; Diagenet ic ffinicturcs^ as handeik tmdular 
and ouUtic; Geiic‘ii& of barite r Genesifl of irkaidnm pho?^phaiej As- 
^ndation and ^qmraticitj oe iron. 
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BAftT.v CA-MDitiAK riiYslOGttAPHV. —lit uM probability the urea 
ow«|>i*d by Tritiily. Conception, Placeytia, imJ Si. Marys Baji. the 
include<l land anti the western and easlern margins ittChHling the 
preseaL known llambrim oweropa, was a continuous bwiy of water 
fhonly after the beginning oi the Cambrian transgress ion. West 
anti east of this Cnmtirisin tGi were liigh and exten-Aivc pre-Cam¬ 
brian land areas. The great crustal rnotrenients which threw the 
pre-Canihriau into nigiuitaiii ranges prolwhly cnnvotMi the portion 
now ocmipicfl hy the four Imjs and adjacent land into a narrow 
basin. 'Ilie main topographic features of the sottthcastem part of 
Newfoundland during the banning of Llie Cambrian were two land 
areas of grtal relief sepamted by a cnnifanuively narrow trough 
which had a gcoLfal north-south dirertioa. 

^\llldher lids trough wai a closod one or not. it would be difficult 
to prove. Inti from the requiremrrUi of the jwolilrm It is necessary 
to postulate a more or less rioted basin or coastal rhoals or bigisons, 
CoDcenlTJition of tnanganiferous soluble salts could go on satis- 
tattorily only iit a more or lei-s restrirte<l shallow sea where the 
water was domparativeh ([Uicl. The fads that ripple marks occur 
occasionally in the deposits such ae ai Manuels and that a stvdlow 
water fauna aLotuids sudi as trilobites are suffident indication th.ti 
there was a shallow sea at ihis, time. 

Natukb of DRFRSrren SKurntN'TS. — Into this imugh dnring 
early Camlirian tiirica great quantities of niitrj were brought lny rivers 
draining the ftrc-Cambriim land masses and to a lesser extent by 
the action of the waves nn the shore line. As has already been 
staled the greater thickness of shales in the western portion of the 
liosin is due to the fact tlut sctlimcntatian had 1»ceti going nti for 
A longer time in that fiari of the basin wliicli was in all pro1»hility 
the deeper part. It Is also qnitc possible that the w'estem parts of 
this trough were recci\-ing mort- scritment- than (he eastern. Tlte 
shales are chaructcriRed |jy their predominant red cotur in the 
western parts of the basin interbedded with shales of green color 
and throughout the entire area by a higldy mauganiferaus Woe. 

(iJiXEsis otf Tita M.ss‘Caxe.sf. Oar.,—The disttnclly bedded char¬ 
acter nf the mjirtganese rieposits and their occurrence in definite 
horimms of limited tbidkness otid ctwisidemblc lmri«ontAl range scciti 
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to pomi cli^arty to the conclusion that the »Jef«5sJts ate essentially of 
$ediiuemary' origifii rather iljati uroductiP of a later ^uiid iraler or 
wcaihermj’ concentration. But beyond this coinJusioup there is 
room for gr«ti diversity of opiiuoii. 

Two questions prcwii theinsclvcs at the outset of the Inquiry: 
Was llic deposited contcnqionineoiisiy with the cln^c 

scdiiiie!it$ m Us [^resent degree of conceritmtiou ? Or. was it some¬ 
what diFseuiinatcil ihrough the nlUib atirl suhsci^iientty ccniccntntled 
by liia^cneiic Jigeins? While the first ot thc^c ahtm^tivei is held 
by the writer to he highly prnhsilile, tia positive and final answer can 
itc given to These and tn irtatty other questions raised by a study of 
the problem of j^cnesis, although vanous suj^cstions are presented 
m the following |iages_ 

Manganese exist» in sca-waicr and been naied bv Fur- 
tlihimiiiier and by Dieubfaii (<r jfS) hut not in irtiflkieiitly con- 
cenrrated form to produce deposits similar ro those mider con^idera''^ 
tiom Murray and Inrfnc (19: 735! foujid Utai the red muds of 
the mtd-Padfic and fndian Ckeiins, wliidi were made up in large 
pati^ of has^ic vitreous volcanic lumeralsi were responsihlo for the 
Lirge amounts of pulverulent aud nodular fcrmmangntiiKe. These 
nodule consist on the average of percent of MnO, and zi per 
cenL of Fc-0| with the temainder brgely clayey material. Hie 
lia^k gbisJ^ contain the oidy importiiui primary manganese-hearing 
minerals in the ocean and the manganese h rttjjortcd by Murray and 
Irvine to have undengone conversion into the sohiidc bicarbonate 
wdiich U|mn reaching oxygerULted surface waters^ h decomiiosed with 
precipitation of the dioiiide- The particles of MuO^ f^iUiug to ihe 
bnuoiii gather upon various objects which serve as nudei for cou- 
crrtionSp or the nuclei tbemseTves may Ivat^e been the caii^ for the 
prrdfdtation. Murray and Hjort fiy: 192) hi this coimcction 
say: 

" [I iSifliilil be noted that tJxNlri fifwl tijf up Tncani; nccesMtily ass™* 
a Care m ion ary form. Thsy arc very wnnTiionly foimd ihm iiicruMatJoju 
fm icraniitar and frBEOicflfiry ohicct^ FurtHctiniPfC mflov. if tiof niFstt. nf 
tin; ipctai^ic conlain iiitifnatc adinbcfctjref 01 finely divSdctI brown min- 
«ancjn: and tXMsleudJy of llmtinitk Iren, iTere die siTpcrratumticiii would 
Venn to lure been to high a* U) ibe iricta^tahlK liniill; wlicrrunen 

the ox ill (A havQ prccipitslcd themiKtvts wUliniU the intcrt'enliutl of jtttelci, 
Ihty ceftabty irm^t Kivt hren tuccip+i^led frcin Mlnriotii-*' 


444 DALE-CAWaKlAN MANGANESE liEFOSJT^ OF 

Atfctiriling to l^igli Fcrnio? IB: ^03.1 ifie drigin of tht dctp-sta 
ficM]ulc^ is Aipmmed up follows; 

** 1 . Tlfce ^r^lulil^r |iartif dciiv^ from cosnic JttBt 

and i.-{>Ci:aiij<: l^ecii tinditt^r prtd^haicil fttim lohufcirf in site m 

writer, iTial3,e;mr£e ulti liavfhi^ bem ort^iiuUl^ brouKbi bio ifie hf 

nveri, 

''a. TItE muagjEnit^ d^dc,. partly prccilaatntcd ai a te- 

lull iii tb* anliM of tlit irital of ijtifTtiiiiTift, iKilIt vrprtttablc and 

mnmTv preeIpJtoUid hy olohfin catfi<-{;ii?aJ^kit hr tJirobMittrt 
proctHi of Fegregatrcm from soluticm rmiu,{ 1 iiiii::l»c 

Where ilie .«cii-l>imoni tant^u inr^Ely Of tatcmreoiiji the 

l^coipEtJttoR lioijr haiiX been tttoinlry brotiptiLt about hy ihc tulnlifin of ; 101110 
of thb mXdum orlxnule wdih Ific of an cqort^knt axoiiiunt uf 

i3tiiit(tiTieiKr Oxide owinkt to the pteietio; of free uxyirrii^ 

e|p \Mief‘e ilie s^'-l^trooi coliusti of ted rloy it doOi to Urxuu tbo 

depth! ire there to great that rhe mn of. liilti-«hcl]efi orY^tii^m# are tnm- 
pktely iIU!i>1veJ by the !cm-w 3 i!ef before they rnch ihc bottom. TUe al* 
careotu noticT in bdn^ diwKlved dr|MHit» ah Edntvalcni imHPinit of niaiEis^- 
nejie oxidej whfdt ilc$ccii.di "lo the Ihottutti, i[id thne turt! fiv a noclnliii for 
ihc M^gregative nitraclion. oi rnangaiiei^e from lEir waters it the ^-botUim- 
Thc d«FK>Gtliofl of maiii^c^ oxide by mean® of catchiiii cirbonnlc asjoeiiitf^l 
iwi^i the red cbyi probJiy slio oemr;! to a pcnbordiimie extent for tlic 
Mdb of tbiek^lielltti nrgmiiimj may rea*rh the IioiIojtt iHrfort being mtintj 
dupsoh’cd."^ 

This uititniary of Fertmr'i ij ijuoltfrl in full here becBUSi: of tbv 
niarkt'ti di^ci-gflnce of hii vit;ws fmm chore oi Mumy auil Ir^-inc. 
and hraitsc of ihc greater stress laid upon Pewrore's idea of i\\t 
prccipitaiion of nianganiire oxide b>- uticiuui carbonoto 

It is ttu; belief of the writer tbit the early Canihriati iica of south¬ 
east ertt XewfoitndLlnd must have Imd so neitriclcd and Aiullotv a 
character as tn aIJmr uf a conccuttaliot, of the mtmfiancse sails 
s icieiit to fortti deposits of such tliincrisTOTis and ctiaraitcr as we 
now find. Wliwiier t!ie mariBanese was bmiight down cttljiely irt 
^Umoit or ^ly partially so, or cntii^y or partly irt mineral com- 
ination as ne miid>. from which the maitgancsc was sttirscdurntly 
dissolved, one annul any at [msent IJoiii niueb and Hiluttoits 
pTohahly have contributed tht manganese which forms iit gr^l 

tsifi the deposiis as wc now find them. 

'fht cotiditions which hroiight almut the forniaiioo of ihe car- 
bomu- and oxide of mimganese arc probletitaikaL It i. geiicrolly 
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$upiio9<^ that ttianfiancse exists in iolutibti as ii bicarbonate or a 
sulphate. In their work on the Blue Mutb of the Qyile Sea 
Murniy and Irvine (If): 7.28) found that the bicarhonale of man¬ 
ganese was derived " first from the djrijet dccoiuposition of the 
rock fragments in the mud hy the alkaline earbonates in the sea 
water or. secaticl, from the reduction of The higher oxides ot man¬ 
ganese 1^' the organic matter in the muds.'* In many resiwcis the 
Gydc Sra area of Knglnnd is ailiibr to what the lower Cambrian 
sea of Ncwfoundlami must have been. It receives deiriltti am) 
waters draining land? whidt arc iti targe part of an igneous and 
sedimemaiy charaacr (i§' 780). 

"Wliat is known ju the CIjiJc Sc* Area consist! «t a «riw of sub- 
marine buiiu.. tctoTatctl fruia KWli ntlter by Aulinmiiite barriers. The degOi 
of iht hashu ranger from jo to 106 falliooii, and ibr depth of water over 
the huerveniiur fidges !'STio* Irani J to I5 falhoiM In all the deeper parts 
of the basins Ihere it a.IiltiUh moil, in wliWi, as a mie. no imuiganese nodule* 
are ioumt, tint on the imniediate nirfacr t>f ihe tlilXrtH of Blue Mud^there 
ii a forfact layer with a rrdiiwb ot lEgbl gray in which depositt of 

iTUinitaDesr diuaiile ucair. tVhou stiflies art dredged from these mtnU muty 
of them 9 t* jurrtMiniliHl by b dark rhiK of maiigiciese iJiwtld*, maTfrittfif tlw 
depth to which they tiavc been cmUitldnl in the imnt The wliole tipper sur¬ 
face of die stones ha* ttkewisr a sHijhl oaatltlg of mwigaitese. wTiih a portion 
imbnlilcil in ike im*d h free fpimi these niJiiiRsn«« dcp«hi.** 

He gtws on to Kiy thnt 

“The fuRoaifiiii of Jiiftitponcic nodule^ nti ibe immediate smfacc of the 
deposit, on itie lops of thr hnrner*, and in the fnt'hke tiepre»*on»- » most 
prtibably to lie aectumtcd (tit hy the piure aliimilirtt supply of oxydrtij or the 
dlmmiihed aroomii of dewmtiuiitig ariptnie rnaiter in these position*. 

A somewhat similair set of condiiititis probably w":** pre^tl in the 
nimb and stn»cfjscent sea water of the Cambrian Iwsin of Now- 
foundhitid with tlic excejjtion that msirtid of all the hicarlKinate 
being convened into the dioxitk the erenter prqwrtitm of it was 
precipitated a* die carbonate of mangatirae (MnCO*) Tlte tibera- 
tioti of OTj from the btcarbowiiie of calcioni in jolnlioti has been 
exiwrimcntilly effected by cvaponubii, iiieriaiimg ihe temjMTattwe. 
or through agitation of the soluiion. It wimltt s«tn to ihe writer 
lliat the hlieratifin of tlw CO, from the manganese, calcium ami 
iimgiicsiuin bicarlwmiilc* might h.T.ve taken place through cs’apora- 
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tioii r«suldtig in u conietnimraiicoii!; fonruition of nvingonesc. cal* 
ciiun and magncfitim carbonate. As the analyses ibow from 1.23 
to 32.92 per cent, of CaCO, and from .01 to 5.01 per ceal. of 
MgCO, this wookf seem to snpiwti such an action. 

Tljcre IS a possibility that the decompoung orguni'c matter 
present m tlic muds might liavr caused a deoxidation of the sul* 
phates of the &ea*w’ater and of MnOj svith the 4ubse4oent formation 
of FeSi and MnSj. The Inner, being very unstable, vrould p as^ 
tnuiiediatcty into the bicarhotmte to lie subsequently freed of its 
CrOg to form the carbonate and if oxidired would puss into the 
dioxide. Such a process might account for the carbomtes and 
oxides of manganese and the little pyritc that occurs. Though 
there is cvitleticc of life in the maugaticse deposits of X^ewfotind* 
land as furnished by the fossil Irilobiics. pteropods and phospliatic 
acciumilations. we have no evidence that there vfas any great ahun- 
dancei However these rlcposits resemhje the Blue Mods studied 
by Dittmar (6: 43) which are a variety of terr^^nous deposit which 

-cover* i^ut l^OOoaoo tqiore mile* of dw *n bed, and i* chieflv fcimil m 

e^tujLni;; 3 , MTlKiurs, and o^Alincnlal ciOAtu Hvtn 

IKjtFT %UUT iletrrt:i! iTiAl!<-r die ocean * 

According 10 the "aiatlcnger research^'’ there is an abundant 
fauna on these mods, which feeds chiefly on the organic remains 
that fall from surface waten. If any analogy esm be mstlc Initwceo 
the ancient terriginous dcjiosits and the more mmjrru ones such a 
cheniiKil action as aescrihed above might very well haw taken 
place. 

if the muds 00 the boTtoin of ihe basin cemtained coitsiderable 
quantities ot dccompostiig organic mallet, conditions wouhl favor 
a Rxiuebon of the higiher oKiffes of tht evoltitioii of 

much CO, and the conscriuent fortmuiwi of the lucarbonate of 
n^gpnese. The subsequent Uberation of the excess CO, from the 
bicarbonate to fmm the carbonate and, where oxidizing inducuccs 
are active, the oxidation of this carbonate would complete a series 
of reactions capihic of forming ihc manganese deposits wilh which 
w-e are dealing. It U very^ prolxdde that these muds contained con- 
sidcmble quamitics of decomposing organic iimttcr and were evolv* 
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mg considcnihlp CO-. According to lli« *’ Oiallengct researches,*' 
when a large <)uuntily of carl^mie acifl was fotinti in oceanic waters 
it was ’* at ihe bonont over Blue Muds,” The great lUiTkulty in 
thifi scticf of reactiPiie is to find ki nature Ijie eondidons which will 
bring atiout the liiicralJoti of llte excess CO^ fmitt the bicarbonate 
10 fonn ihc carbonate, such as evajwration, increase of tempera- 
Inre, or agitation. If quiet waters aro ftostulated for the fonmlion 
of manganese carhonale it h quite ennceiTahle that cither of the 
conditions such as cvafioration or an increase of temperalurt might 
easily be obtained [xirticutarly in shoal w^atcrs. It is very douhtfuli 
however, in the case of agitatetl water* whether lalwratory condi¬ 
tions can he simulated in nature, because of oxidistitig influences 
whereby some oxide of manganese would form more readily than a 
carbonate. After the cartwnaie had formed there would be no 
particular difficulty in conditions Iseing prcieiu which would bring 
about Ihc oxidation of the carbonate because of the presence of 
ox^en. The excess oxide of niangaticse found in ihc Newfound¬ 
land deposit may in part have originated in this vray. 

Penrose I20: 5631 suggesicd that “carbomUe of lime Ott the 
sea floor may have acted as a iirecipitmtng agent'” or as it passes 
through the sea*waters in the form of organic retiiaittA «t mineral 
particles a substUuiiou takes pl.tce whereby a solution of the calcium 
carbonate with a corrcsjjonding precipitation of manganese occurs, 
Fermor develops this suggestion in liis explanation of the origin 
of the deep sea nodules as quoted on page 444. Such an explanation 
might apply to the origiiJ of ihc primary oxides of the Ncwfoimd- 
land deposits. 

ft is possible that manganese may have liecii present in ihe sea¬ 
water as u chloride-' lie Ijaunay (5? 533) says that “mnngancse 
chloritle will! sodium l>irarl>oniitc prtHluces manganese carbonate.” 

\\'hcTt we Slop 10 consider that manganese only averages .of per 
cent, of the lithosphere (Chirk. 2: 3JI and is 70 times less abundant 
than iron which averages 4.43 per c«ait. and compare witit these 
figures the percentage of tnntiganese in ihe dcporiis under cott- 
rideration which is 24.64 we can obtain some idea of the enormnus 
coiKcntratioii thete has been itt Ihe prmliR'tiou of ihesc deposits. 


•1-18 I}Aij:-<ambrian .manganese UEPosrrs of iAt«»ji, 

V\ e have diactj£«t] the nalarc of the sediments and lenmed that 
there terrigTiious dettosya must have iwwii derived from the pre* 
Cambrian land masseii which exiicieil in far greater extent on the 
east and west of the Canibrian than the present areas tmtlined 
on isipc 37J. The inierliedded character of tlic man^aniieroiis and 
argillaccoiui layer? si^ify aJtematiiig onidhtoits of chemical prC' 
cipitation and itteehanical deposition, there lariitg, during the forma¬ 
tion of the deposits, times when the Cambrian $ea was more man- 
ganifcroos with cooditloiis such that iirecipitatiotl of man^nese 
carbonate and the oxide wa^ the relatively im]a>rnint feature white, 
at other times, mechanical dejiositiDfi of line muds was the rule. U 
IS more tliaii likely that ihc greatest portion of tlie manganese was 
coniributeil to the £ea in the form of the dissolved liicarbottate by 
the streams which trjnii|iciTlfd the elastic sediments aiul that these 
sedimenis were iini themselves tespoosilile for the major contribu¬ 
tion. thotigb undoubtedly the manganese mineraLs iti the mndv 
underwent .some soliJtftin Urtli ilurmg their transit to the sea Imttom 
and during tiiagencsis. The streams vvlitch were responsible for 
the transportolion of the sedimenu of the manganese deposits and 
alfo hctdi as chief ctjnlrthiitor^ of the tnanganese, drained the pre- 
Cainhrian land areas above referred to. A iiMnlem river like the 
(.lituwa which ilrains a pre.t_anibrian area consisting in great part 
of I.aurnitian and Ihiron,ian rocks and in all praliabiliiy not very 
different fmiu tlic prc-tnirihrijin rivcf!) of aiiciciit ^{ew found land, 
has ,86 |iarts per milliun of manganese in its waters according lo 
an analysis made in (Shiiu, a?; t75). 

Manganese in river water rcHulLs from the sutulion of maii|pmir- 
ernitB silicates such as jjyroxene. olivine, micas, ainjihibnles, qdilote^ 
and chlorites, some of which ate Tlw roTtmam 'and essentia) ba$fc 
roek-fomiing minerals of atiy igntrius and ntoramorpliie pre-Cam- 
hrifln area. On the dcttnii|)OBdion of these dements the mangaficsc 
b convened into vartionnte i>r iwide and enters into solution, when 
coniUlionj arv favomhle. an the hicnrlimutc, in which form it is 
carried to the sea, unless uxiilireff in trattiit, then; to await tlu- 
further rhaoges into the oxiiles, MnO, and MnA. nr the carltonaie, 
»dcpwidiiijj \spoii ihc condiljoii^ ^lig^jcstcd in the prcc^filtiig 
fsiiges, uf Mifnc taf Ihc |>ni?-Cs"inibnan nxWs in the vicinity 
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o» CoiKsefition and Trinity Bays tnay be of iiiteteA at this point as 
illastmting the manganese content of some of the rocks which arc 
most like those existing d tiring tile format ion of the deposits; 
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AitftlyU. A. F. nudilms^. 


Simibr HiUilyse^ liavt treuk fnim the roefc of Uie Clyde 
Catnhnaji drainage area anil ihow from it lo .7 of a per of 
M11O ^Murray and Irvine. 19: 723). hi all probahilily then the 
prr'-Camhriau rocks on tlie east mid w.tsi of the CambHati basin 
were the ultimate sonece of the inangwnese. 

SCMiTAMV PF GEjiIs3JS fJP MaKGAKESF^ 

Uitifnittf S^mncrf' of the was man^ntcflc-biraring 

siliotcs of pr^CambWaii igticons and n^eiaiiiorphic rticks cast and 
west of the Cambrian S«fa, 

wVc?fwrft?ii of niangantrse-hciiriitg silicansjs ami conversion of the 
nii^ngtiiicse into the soluble bicarlMJiXiiie; under favombie conditions 
0!cidcs of niattgancse rcsiiitcd from ihe oxidatiori oi the bicarlmfuiie 
of mnngaTiesCp 

Traiisf^ortation of Lhc iminganesc chiefly a* tiic bicarhoiuili! and 

a k*i extent 4t* stisficndcil partidcs of oxides by pre-Carnbiian 
draiitage aystenis to Cambrian Itasiit^ 

CVrifFipIrfffrfin of tile ?4ilt$ of mangatitse chiefly as the bicar- 
bfjoate in the sea-water immediately overlpiig the depos-hed mud^. 

Prfnltiiaiion of i-arlfOiuitc frciin ^oKiUon through 

liberaiton of CQ* frmn the liicaTbtinsiie, or of the <Mtide. 

Chjik Oriffin of A/aiiP/flur/r-—While the mum coniribU' 

tiori of the iT!:niganfi?e came from lhc pre-Cambrian dminage area 
in soliiUon nndoubtcilly the riejKisiieil tmnU supplied a minor 
portion. 
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DlAC^KTlC STHUCUTRES 

BAXt)HP STftt'LTt'iies.—Hy refetriiis lo ihe of layer 

3it^ A 7 ttc jrr tiwt it is a reil tnanganifcmiw Bliale with green and 
brown jaspery' IkhkIs which may he rather nntfonn in tllkhneds 
and may alternate w'itjj each other* The green band predonnuaies 
over the brown »o that the greater ahemations occur with llte green 
arid red Ixinili;. 'llinnighout the red <ihalc are numerous nodules 
of the green and liroivn Jasf>ery carbonate'Oxiiler of niangnneK' and 
wilhtn the bandi ihemsitlvM are nodular and cottcretionary farms. 
"JTie alternating handed and concretionary forms within this bed 
would indicate alternating condition*: of predpitmion followed bv 
diagcnelic segregational ptocesset whkh restilled in the fonnatiaii 
of norlules and lenlicle*. \ ttry thin and inlemtptcd tamins of the 
red hand arc lotind with the green bands. The green and brown 
bands often occur intergrown with each other. From these oh- 
^rvatiotis it would seem that these banded stniirturcs were evidence 
of alternate periods nf precipitation and tliat they have assumed 
their present inrlu rated and cone ret tCMiary nmiirc hy ^egregationat 
processes which were active throughout the diagenesis of the bed. 

NonniES.—One of the most characteristic features of the shales 
of the Ij>wcr Oinihriati is the great prevalence of the noitnlca (Figr. 
14 and ijl- Ihe following suggesTinn is otTeml as to the origin 
of the form nf these nodules with the tio^ie lhal thli tine of itt- 
vesiijjation may tic laken tip in greater ilctail at norac fiittirc time. 
Though various tlieoricft Itavc tieen iUggcBted for the origin of 
oolitic splieridcs anrl nodules, iti genertti* along organic and inor¬ 
ganic linets, nothing of a verj' diHinitc nature has iteetj hmught ciijl 
as to the origin of their form. The stigge^tion that surface tension 
may be the cause of this form is here made Tliis pecidiar .and 
prevalCTt nodular ehanictcr of certain Wls was hrnuglit about in all 
probability by the tendency of surf are tension to decrens* the sur* 
lace ^during the chagenetic stage. Solutions carrying manganese 
flitting through muds or nearly con$oitdatcd muds or shales would 
Tuite natnrally under certain chemical ;,nd fihysical conditions have 
the tendency to decrease the surface tenrinn at the cmiiaa oi the 
three physical phases; liquid, colloid, and solid. Slatting with a 


1 * 14.1 COKCEPnON AND TRINITV BAYS, NEWFOU.^iDLANO. 4o1 

mmcral particle £«cli rhodochriwlie or calcitc as a tioclcas, with 
the iormaiioii of the nodule, there will he a tiecicase m the coucen- 
t ration of liie aolntiau nt the contact with the norluL; which will he 
accoinpanied hy a reduetjon of sorfaee letisioa. 1 f we are dealing 
with a Siqiiid-tiijuid pliase we wovttd have a spherical nodule in which 
caic 1)01 h lii^tiTds would he easily deformable and ihe suriace would 
tend to become a tuinimum. Our twofold phase. liquid-solid, or 
threefold phase including the colloidiil phase which ptohahly plays a 
part, only allows of deformiiibilitj' on the part of the Iteiuid and 
paftial tif fonnahilfly on the jiart of the nodule. Under tlic bedded 
conditions of tltia two or three fold elution, colloid ami solid 
phase the tendency of the surface tension to retiuce the surface to 
n niiiiimuni is well exerntdifted In the iliwciida! nodule, 

SflUvaut-ES-^^hie oi the diaractcristic features of ihis deposil 
is the occurrence of hematite in ^phemledikc forms and larger, 
roughly spherical aggregates. Fig, afi illustrates the occurrence. 
They differ decidedly from the spherules of the Wahana, tTlintou. 
and other lypkul oolitic iton orw in that they arc less syninietricfll 
and are without any visible niidei, ITte^e sjihcniles are here de- 
scribed ns fncipicut in lis nnich as I hey seem vo lark full flcvelop- 
rnent or to have been inTpiMlcd in ihrir growth. Such a retardation 
of development might lum arisen from their growlh in dayey sodi- 
mcHte which were slill unconsolidated, 

Mutehai. Associatione. —The Ihrcc important mineral associa- 
Cintrons of the manganese deposits of S. E. Newfomulland arc 
barite. tri<tdduni phosphate and hcmiitiie which w'ill nnw be enu- 
^lidcred with reference to llwir oecuirreiice, association and genesis. 

liiifiTE.—IJarile is one of the mosl diaractcrirtic niinercd asso¬ 
ciations of the deposits under cousidvration as is often ijie case with 
manganese depo.dts elsewhere in the world. It is partkubrly char¬ 
acteristic of the Mimiiclr., Topsail arnl Smith f’oint localitici and 
occurs in various ways, 

Uarite U found in small veins cros.Mtig a cryptpaoan nodule 
showing f[uUe dearly Us lipigeiietic ehnractcr so far as that par¬ 
ticular iHirttoii of the Iwd IS conccTned, Fig. ^3 {Slide 076} shows 
^ ciyi^tal fragtuent cjf Ij&me in a carhon.tt^ONicle of man- 


4 A 2 


DALE^AMBRIAX DEIH^ITS of tAp*u *,». 


gantsc grwttnilttiatv Atwwmg poiisitly i rliaiftnciic rqilacmnint 
Barite abo occurs (tf^^minnLecI anhcdrai cr^^stal £rjin< or t»irnti-fc 
in the cores and outer rones of iMulule# at ^Tanlld^ which i* very 
suggestive of eliagenctk [iTOcusrMts i i'ig. i6^ Slide At Ton»3il 

t fig' 3*1 Slide sfyj) hante occurs as huntll^ of btsilcs. or shisilli* 
like jiggrcgaics in s ntangarii!^ oxide (rroundnuus strongly ^ttggesi- 
ing rcplaccntciu. 

In other jKirtit of iht world hanum is often ioiitiil rcjilactiig mnn- 
gancse in ]%s)lonielane and sometime? oiiers largdy into the com'- 
position of wad. specimciw from Rntlmukhe coniaininfi ns muc* an 
i6j2 per cent, of EaO i tliffla, 5: ^58). A very stnluitg pItaiaincnGii 
ihitwn hj the barite is it* ttfdaccmcnt by diUtrite (Fig. ti, Slide 
2f|6. and Fig. 34. Slide 272). 

Just why there is this rc^mmon nssociation of two verv unlike 
elemetiu we have no dcdriite imorrmtion. Be l.aimay (4: 53} 

gives the foiiowiRg cxplanaiion for epigeni,tic dci)0iit.ii; 

"Tlw SMjiebfion betwern lianic unt mattEoiiMc thnu«l» V«jf fmioenUy 
rxliibnctl « sqrf^* formaiioiifc, ht many cun rtete mo mbruiiccs are bdna 
enucentmted hy circiijAimj; watw. !r jioditti or lusiinst of lermncy '* 

V'arious ronditioHs may prudiice haritc with liarttsm salt* in 
wdutTon bni only one scetns to apply m the occurrcnca nndet cun- 
sidcration. As llirrc are evtdcneei of dlagenetirally and epigenetic- 
Uv formed f«rite In the deposit, it is uMim jMssihie that there has 
been an mterminglmg of solniionB carrybg hsHvim carlmnnte and 

sulphate resulting iti lb* fonimiinn of bcirHc According to 
Dt Lamiay (4; 


whfrh”a.Tluir, ‘■f l-rinn, eon.o<,an,h 

I^I. ^ urntTOrit? tv irsteMotr »,„] *t trani- 

orXiiTv ib, ! o* 


The rqibcement of ihc cobrles. barite by the jialc grem chlorite 
I^ns ^Ut the edg^ am] along cIcjivTigc emdts of i|,c former. 
The cMofitc gradtwlly sj,reads wlilte the intervening portion* of 

01 chlorite after home. In general nppunmitce of it, various 
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Jbv prows# is iitiitc like the ^rpciitmixaliun of oUviiie bm rtiffers 
csscfitinny fnwn tlic ktler in, lUe fact tlint the siecondaiy 

mineraU chlorite* (ierives none of its rnaleria) from the nripual 
iriiitcrali baritCj its change invoivii^ U cotnpletc rtplacenttnl hj* 
wholly new rnalcnah It is a iiwrkeit example of the ociniiKtrittivc 
ease with which substances tvhich, like Nirium sulphate are regartled 
m the talKiTalwry as very stable, yield to the attack of mtoral 
reagems; 

'rhis re]<lacemeiil seents Iti have acconipauiefl a more or less 
gcneml chbritiKation of tlic wliole formal ion. ,it a period long mb- 
sequent to the coneentratKMi of the nianganwc ore and under totally 
diiTercnt condituins. 

PiuisrfiATB.—I'ri-calcium pbo$^>hate, Ca»ff'OiJi also ia a very 
coni-ptcunus accessory of itic manganese dcjKtsiis of New found laud, 
aver^mgt for thow Iwd* of which aiialyte# were made, ahoul fi.o 
per cent, and for the phosphalit nodules of the nuduLir beil over- 
lying the manganese rone at Manuels, a*-?? "f' 

stop to consider tlic atiionm of phoispluiros in Ihr lithospliete a# -tt 
per cent. (Clark, zt ,tal the afrovim of ccnceniTfttlon in ihcse 
dcfrtisits, jMirtjVtilarly in (he nmlnles. beconit-s very nuticeabk and 
something of great siiiercstH The similartty in chcmkal compOfli- 
tUni r*f the phospliatic nOflulcs of Manuel# brook and those of Han- 
fnni hrofllf. K, B., hav Smat referrerl to on (wpe ,loc), .-Vs the writer 
has been unable n> make as thorough a study of tliese ihkIuIcs as he 
would hate liked. il ta hoped that at some future time the investiga- 
lioii may he contmticd. At Hii> time ihtni a very brief resume of 
the mode# of cmiecniratitm of jihosphuius may be of iriKreit lie- 
cause of a(i|iarent a|»]iliemtntt to the deposit imdcr coiisideration. 

According to De I, 3 Mnny 15= 'Itcre arc three stage# in the 
concentration of plnwpbrttic dqxjsits. namely solmion of caldmn 
phosphate, in which he considers lhal in surface conditions 

" Ujc conutaiil pfesciiM of wffvfiiik acid amd »ml!aiii clifaririe irr^flitiirliyiJrat* 
of jaimonta in the water* (teicrmini;! the mlaiion of nhiorbu**-** 

ilic second '‘tage is that hi which (irganisms play an important ftile. 


LI A LE-CVMB tU A J; W AKGA N‘ EiSE ttEPOS ITS OF t 




" The fuculty neliidi lh‘e«r£wifttif hnvc «{thrtmniR mu rcr;^ iltiuu- ulu- 

Hmu ihoK siihiUJtfe whldi Ui ihetii »rt neertur^ and al nuikinv thctfi 
imdergo a iKhnitTy atasc of cMteettirnlloti haj • ktuI rdle fat th£ 

phoipftjLtcv** De Lniinny ( 5 : 640.1 


ITie ttiird tilled Uj' De L&utiay^ “ RomiK$ tn mouvctticni " 
cotisisidi in u dTssotuiioti of ihc pho^hate conlaioed in pr«eding 
depoiits wliieh Ls followed Uy a riH'prcdjiftaifon of vhc «jj« ufion 
any!King which has scn-Kl as n center of attracibn. The lendcncy 
in tbi^ mode of concent mlion is for llie plmsphaie to become more 
and more like the ttrigtiiaj apatite in cojnjKWilion, the ultittiale tource 
of tile pho.^filionu. Tt involves Iwth a chemical anti n mochattical 
itctioii, the former in dissoUnion and Tqirecipitaiioh and the latter 
in tile tDiTLtcition of nodules which, according to the tuggcslion of 
the writer in connection vrith the manganese nodules of Manticb. 
ntay be of physical nature, namely the result of surface icnsioii. 

latw,—An interesting, and yet problematical, iminl arises here 
in comeciion with the assodation and separaiicm of iron and man¬ 
ganese at- rclatetl to (he manganese deposit under coHsidemlion, 
\\ c should expect, m a$ much as liK>th eicnicjtts are taken into fcslti- 
tion. that they both might }jc itfctipilaled together ue is sontrtimes 
the case whh hog orfe or, if separated, nt no gn-.ai stratigraphic 
distance. Became of their differed rale, of oxjilaiion an,) dif- 
fereni degrees of solubility, however, a wpartiiimi u effected. As¬ 
suming both elcttiaitj enter mg into solmion coittemjonuicously, the 
Irtiti would osiiliw first, precipitating as Fe^O^ while tlte manBancrf, 
reraiumiig m solution longer. Is prteipjt.vrd either as MnO,, Mn^O, 
Or 1 InCOj- Though the Xcwfouiiillanrl manganese deposits con- 
Utn iron, h is much less in proiwrlion to what it would he if besth 
were precipitated toother considering the 

relative abundance of the two elements in the lithosphere referred 
til nn 44 ^, 

I 

VIM, WtBI.IOGTCAPHV. 


* Crotlirmintry. Hail. No, jin, u. S. G. S , 
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3 , UwM. J. D. ««M- Tlic System cf Mhimlojcr- Sisciti ^ilnm. 4 th Omhi- 

i bM tly Edw*r<l Salisbury \aoo fiftnrei with apiioidicu t. 

and n„ compUtinK ihe work to iw *.fi4 paK«' 774 

apiKTtdbc and 114 for ad ^ 

( n« I aimay -1_ CMitTflstltion » I'Bittde lito CSlBS SI^dallstwM- t*’ 

trait dw Anaalr» «lei Mint;*. V, Vioi-rKm-yd tt C«>. Editciu*. I'ani- 
j. Dc Lsmnay. L tpij. TwJi* Je MetolloRwie Gitw Mintraiuc el MtUl- 
fifefta Giinmaitt. R«Bi:pelj<. Ptwliirtkm «t Ctunmerec <l«f* Slwitaux 
iiliJ» ct Miucrai*, DeMCMpliofl de» PriiHSpale* Tiwn? I.. IL and 

TIL Ubraric Pdlytechninut. Ch. Bcratiffer, EdtteuT, Pari* et li«8r. 
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AUGLIST \VE1SMA^:^^ 

A. 

/uirwir^ If rof^T 

A^Tgusi Wtrisii'fcAnii, a forrign mcmbs^ of thh &m:telv* wa-s bom 
at Frank fori on the Jaiiiinty ly, 1834^ ^ind m Frdburg" 

in RrcEgau* 6, lyt*!- lie ^^rly sliowwl the traib ol a 

nutuiiibsL liiid m one of his books ^*ponk& of the excrttfiiiwit he fell 
as a 1ioy in cat«!hnig batlcrfiius. Tic aitJCOiled the University gi 
GcitlmgciJ. where he ^nilicd chcmblTy nni! medieme, coming espe¬ 
cially imrtcr the bifimictton of the diiiinguUhcd atinlnmiiO' Uenk* 
anil receiviTig the dc^tc of in After Sjieinling three 

years m Rostock iw un s^JiWtant he began the practice of nietlicine 
at Frankfort and <ttiring this imie he vi^iied Vienna in *83^. Italy 
in 1850 and Paris in iBCa From 186 ( to 11^62 he was private 
physidaii tii Arefidnke Slei>lwiii of Austria at Schambnrif Palaec. 
He then sttuStCfi zoology at Gie^wii tiniler the rcnowiitil zoologist 
Leuckan and tjccanic p^nt'^ti-do^ent in zodlngy at the Umverstty of 
Freiburg in iSGj^ tvlmre he 5)^it the rctnainder of his Tifei. In r866 
he w^^ jippointecl pr^f^ss&r csftwrdimfim and a few yeart laicr 
becjuiic pruf^ssifr ^rdinarmSf which position he cotititnicil to hold 
tinlil a few yfsfs lurfnre liil^ death, when he wsis made 
emeritus. 

In person be was a tiiaii oi striking appcamiice, tieing six 

fiict tall nnd well proportioned and liaving a fine head and face 
and an c^iiiei^t hnt kititl expression of the eyias- Front 1864 to t^y.i 
and ligaiij ironi on he sofTersal from an eye troiiJik which bi¬ 
ter feted grcaily wdth hie rtitcto^ropkal work and turneil bis 
lirni to ihcorettcal questioiiai One of Ins* foniicr sludeuts and as- 
Pi^unT?, rfofcsfcor Alexonder l^eininkew jich/ Ui wliriin I am m- 
debted for tmiclj cjitmihle iiiformatiuti coiiccruing hi.^ jrt;rMinfllit5% 

^ J Mill aW hiftelpicil t«> Pmk H tL Wililcr, nf Smilli College, juid n* 
Prof. J, S. the Utiivefriiy ol lllltiiik (.>r Ihfurmitiwii fegarilin« 

the land/ fife and petfWdJty ef Weiunann. 
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says tkit nlrKougti lie was uf^unBy in mamict he tHvariably 

bccsiitit ncrvnrtii and titih?tp[iy in the ^irrstmcc of ineiiiHng <ili|ects, 
wliidi i^iaiiifuBy nffmed his eyes, 

A ^hfisi auicibifigraiihy iiublUhal in £iJmf iu l<_K>J gives a gltnapse 
of his famiSy llfc t 

**T>unnfi the icJi years C 1^64-187^ > of micftm} inarliyity aild rat 
occurred my uuirrisjrv to FrauSeiu Mane Cintbiir* thi? m-vlbcr *}i 

rr^ eblltlim and w^it trty ttnr cfimjauinn for fxenty vl^at> imtU her limb. 
Of brr hiiw I think ultly vskh k^ve and gmtiiudr. She mai the i^rie a ho mait 
ih;m nuy nju; else hcl|>eit me llimu|£li the ](loom i>f thiil jicnod. She rc?ad 
fttiich to me at ihlt time. Jot ihc rciwl ajouil i^sctllentb^ -tuil the not 
look iua mipre-t eo my theCftrcTfnl and ci[f>cnTTicTtLa,L ^t^tk hat iihe ftlbo ei»Te 
(rfactical AiTiitanoe m d 

His groit work on the ** Katiii^l Efistary nf ilijc UaphnwttKi" 
fc k tte(lieate<l to ^ly father-in-law, Adolph Gnilicr* in 

thaiikfu] memory of the UeauUfttl liour^^ of leifinre sjjejit ott the 
shore!, of IkMletiMTc."' His nitieag;ue, ilie anatom isi Wietkrsheim, 
marnecl anothat ilauijhier of Cnihcr who was a iknoese linker* 
After the death of Uls first wfe Wcisttmin momed agaiin when 
tilHiut sixty years olil, but not haptnly. f.hie of hTs^ danghterj luar- 
ried I be loologist \\\ N. Parker^ who translated intn iuiglish his 
lM?st kfioWTi work "Ttie Germ A sou Wiift LroJlled as a 

professional violinist^ 

\\'dsfnamK like so many other iiuiuralialft^ was of an artistic dis« 
jHJsiltoti lie loved tiatiire, art and music aud he was an uccotu- 
pliihcd pianist. Dilrinj' thr iwrir^l^ when he iufffrci! iniidi frtuiT 
ht^ eye truuhlc be say& tliat he *' found sobice in [dnyhi^ gocKi deal 
of music/* ITc was an eiit]iiisia&t]i: iiEijtiireT of Bceihovttt hul 
cmild not ajipi-ociale Waffner. Hi* artiruic tetnperanietil h further 
shown in many ijf his cj^sayi which for livaiUy of expression are 
rarely surpassed in scicntilic literature. 

He was an excdkiit ?ipeaker, Iwiiig siruplc and e^riieitt iu ouiuier 
anil never mlinking in jokes. His lectures nn evolution, which were 
i.lcltvcrcd regtiSarly for almost forty ycarSp were famous and always 
attracted greit autlicnc«-i. .\fs a icacher of advanced stiiiltmt* tw 
wa> stinntlatiu^ ami helpttd, ;i kind critic mul an altenfivc listener^ 

He twk nu iictive part m |iolilics. hut like iiiuny German pto 

" Oaaled from “ Biokvpv ami in Makcnk*^ t«. 401. 
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fcssors \va& a mcfiibcr of the National Lfbei^l p5Lrty4 In phi- 
luiophy he lifdd Icnadousty to u mechanistic: miicejiUon oi nitturcv 
btil helidiev«l that mf!chani_sin ^-^lAi eoiisisteiit with cTttrcnie 

teleology h indecfi he hdJ that *' The complete mcehatiisTn 
Ccivul^le is likeveise tht mcist complete tcicolog)' concctvaWe^ VViltl 
thl^ conceptimi vanish alt ajHirehciiistoji^ that the new view^ of evo¬ 
lution won hi cniijic nmn Ut lose the licsl thai he possesses— morality 
anil purely !uiin:in tiulliirc.*" Tn his philosophy as m hi^i scientific 
rantiovcrsics he was extremely lolcnmt. He was iiitoresteil in tlie 
jironmtion of kucucledge but not ag^jressive nor olTcn&ive in 
manner, 

Inai-hitiiieli as hifr life was. io largely given to iJie extaij^ion and 
support of ihc Darwinian thcory^ h i:? iniere?tiiig to hear from him¬ 
self how that theory first came to his auenhnn. After remarkiiigp 
** I iitver heard evulmicm rcferretl to lit iny stmlejtl days^^ he de- 
scrihes the tnfliictioc tm himsdf of Darwin^ hixik in these woriH: 

t niywlf wai al lift lime in the im'tiiiTmfnhfir*[^ tuim a phidciAu 

111 a to^kustAt* #ml »* (ihilai^iithienl view? yi tmlurr were concemcil 3 

vra .1 ^ liUnlc fihret uf a nij<i. 1 read did ]x>ok ["'Qihfin of 

Sjicciei^J first »i at a smsie pniijiK 3nd with cvirr ^n- 

tIiusia&eii When I had finished I ^UichJ hrm an Uje luEisi:* sd the cvolntion 
ihtor>'* and I Kavc never Mcti rcawni ty fimMikv \i!' 

^\ itU just pride he aituiiknis the fart tlial he w^is one of the first 
i&cicniific turn in Gcntmtiy in clefniii [niliHdy !>afvviu*3 Ihcory ^ Friist 
Mnlltr the firii to pnliltsli a work in favor ot that theory Ffir 
Darwin^" iftCidl. Itaeckd w'ils the second i"*Gencrvlle Mnrpho- 
U^jcA ifirtfi) and VVebtnann w.ia the Ihird. his Inanguml Address 
at t^rcihiir^ on the ** Justtficatinn of the Darwinian nieory ** {'* Oljer 
die Bcrechlii^ijng tier Djirwin^schcn llJx^rie*M he!fig published iit 

tm 

Ihrreaftcr hi^ contrihulions to the DarU'iiiiau tlmiry were 
tiufuertitis anil itii|)orliLnt. 1 hey a|i[K:nre<l from tSyj to UnU a 
series nf t>i>ob^ and cmitfibiiliijn^. Five of Lhese earlier contrihu- 
tions were translated into English by R. Meldoh and were ptililiiihed 
as tw^o large voUtmes in iBH-i with nn imrmhictimi by CTiatk^ Dar¬ 
win. Siib(^t|Uefil studies on evoltitinn were so intiiiiaiely. associated 
with hh theiH-ic$ of hctvdiiy that they Gin heist be considered under 
111 at topic. 
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\^'ei^^T^^lnn''s cc^triliulioiis lo biotoj^ical were so cxtHtinve 

Jtud important thut they w^riliaUiiw to a ifteat extern hb oh-^erva- 
I ion a I and ex|»eriiTM!Rint work, mi^E yt\ tht ItiUtiT Vfv no meiLiis 
snmll or unhnjxiitatiL AnMjn;^ the&t olr^ervalioiiii! nnd ox|x^riinrntiil 
iniiHt Ifcc tiKintiiiEnxI r^pteUny cxlposivr wc«fks nn "^TUt 
1 >t:vrUipmciil of Hiplcrj ^ ■" Xnlnral l Jistor3" of ihc l!)nph- 

tfcpnlft^'" i iSjiv-jij}, '‘Origin of the Sex Cdl? of ihc !iyilrpmciiu£7 
(iS8j)/' “ Scasorml llimorphwm nt Biirrertticb'* OB/SI* '^Origin 
of Markings uF traicrpillariiIJH76) aistl ’‘^Tratiiiurmation of the 
Mi-‘xtc 3 ii Axolml iTito AnihlysLonwt.'' 

SniTTc of hiearlier work wa^ iIoTie whhoin as^ilfi.laiicf, Imt 111 all 
of his klcr oliser^^tioiial and cx^>l?Hnlcfkt^^) slurlte^i^ he had the 
^iatnjtce of Iny H'ife or oiher lieljH,^. MiH‘h of lii> work ilnne 
in eollatKkfiifion with of hi» stnderit;^ nr H%s nu^bof! 

of work iva^ to a Inr^^e extent forcerl wytaii bim H" bf^ eye aHlietiore 
After 4864 all reading had to l>e done for Itiin^ at first by bi^ wife 
and after her death by a scereliiTy, Experimental work w"*Lff done 
under his supervision by ht« assistant ami janitor. All rnicro^^apie 
work was dime by bis pujrils, tir whom be sugge^ect topies and 
whose work he superkis^nl daily. I'hcse theses were aiw'nyi iti 
direct relarinn to his iheorie^ and to dial plia.^e of ihem wbirii iti- 
ter^saicd hnn most at the mowicnt, 

Eiut valuable as iitucb of hh nbyertational ami exii^^ritiieiital 
work was, iliere is nn doubt fliai he w iH 1>e rciisefiiliercd eliiHly for 
bifi tbeorie* ut heredity. lUift earbest wriiing^t on this, snbjeei ibiti? 
from the year snid hh lateeit were piiblisbed bin n few years 
before bU death. His " Flssaiys nj>nn Heredity and Kindral Bin- 
logicaT Topicswere transkteil itdo Fjigli.-^h arul t^tiblitlicd In ^wn 
vnhirnr* ill \Mj and l^iobaVdy hh ntu^ hniionant work on 

thk subject is his Iwjok entitled "'The Gemi-tla^nii. A YTitory of 
Herc^b'- " which wtis |mbliahcd in F.tigliih in t%j, Suliiiijfiucnt 
W€irK3 ™ ,wmlity are ^*Oii r^tn-minal i^lectinn and " Vor- 

trage lilxr Iki^ix-iiclairfbeorie^^ I. This la^it-fiamed w ork, 

which m:i 5 pnbliBhed in luigli^h intdcr the title ^'The Kvidutloii 
Theory i consist« of a stnnmary and nu ex|mtujiati of mnn^' 

of his prcvir-in w ritings on the subjects of evolution mi\ fieredity; 
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inftccd as hes^iys? in ific preface nf ihis bookj it Is mirrnr of tlic 
cmtnsc of my owii mtdlccLml tvoliitioti/^ 

Withoo^ *0 iiimlvTco iliffcreiit bxjks* ivhich 

would rc<|uirc titorc iimt arid space than is here available, we «iay 
proceed at once ii> a 5u$iimiiiry of h^•^ timrif ipi|inrtam eoittribut{ofi$ 
TO the thci^rit^ of cvohilion and heralily. 

All his thcodcr?, ImtH of hcfedily and ev^jlution^ center in what 
he called the ^'gcrm-plaHii/' that particular part nf the germ’Celb 
wliieh scrv'cfi to carry over from jjciitratiod to generation tins to- 
heriiaiiee factory TliJii gfo-iri-jdasm hetd by Weiamann in be 
afi&o1me!y con^fniroiiJ^ imm lEie jireient general i cm back to lUe 
£3rllesi generation:^ of livnij^ things; It was absolutely distiH£t from 
the Menialr>|ThLSiii of the biMly and the IntEef coufil never Itccotlie 
gCTTR-plasm ^ St was almost perfectly stable imdesi^ininK: pmctirally 
no cltatiges cjtcejH ittcb as fmni the tiiixing of difTcrefit Idtids 

of gerni-pbsm (amphiiirixist in fcxiial reprcMluciimu 

The$e views aa in ihe nature of the g^Trm-pb^^^l undiTWtnt 
some modiliention as ihc result of criticism. Weisinann was foToed 
in admit that the ilistUictncs^ and Siiabiliiy nf the iicrrtv-platni were 
nor ah^ltiiir, Init iti of all cntlci^ he w.t?; aide In imintuin 
ifiat die genn-pbstn ■kvas rchitivcly very di^thict trnm other plasms 
ami vm stalilc in or^ni^alicpu and ihis^ h now admittetl by rdl 
l>crrs»tjns acrptainlcfl whti the iubjed. 

His views ais to ihc seimniieness of :^onuitopl3sm and germ- 
lilu^itip of Ipody cell* and germ cells, and Ihc niortalhy of the former 
and i>otcniTal iminoriality nf iht tannr* led him lo regard organisms 
in which this distlnctron docs not exist tniauy proro^OEi und prmn- 
pfiytai os potmutihy inuiinrUih With a keenness ni insighi 
whicb waii not appreciafrJ the time but which Lts Ixsffti con- 
firniwl liy r««em work be reasnncfl tbit '‘conjirEatimT bhc fowl and 
oxYgert ntay bo condittoiis of life but itiiniurtality docs? not rest uu the 
magtr of conjugalttiti any more ihan nii TchxI nr Ci:tygcri." \g^n 
he aniicijtaled the mast recent nt>!nicins whim he held tlmt de^ith ts 
uut a ticccssary corrchitlvc of life* but mther the result of higher 
diff^eiiiiaitait. la -ihtirt, as .Miiuit " hVeaih is the |mee wo 
(Jay for our difTervnliation/* On the tUlier hand, his attctnfjt to 
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explain tht nrigin of ■ii.'ath ns ait Bdaptqiion ihic to sdtction ivna 
proTixbly n iiiistakcn ooe. 

Ajk tft ihc liKsilinit of llte gCTtn-plastn in Ibe sscx cdls VVdsmntin 

inaintaiticd I hat it \va£ lo be fount) iti [}«■ ^luiaatic of 

the iiuctcits. ile held that the cltnirtiosainies. w«re 

cnm(iOM;{t of smaller units, the dtitnuonicrcs unij that the 

[alter were coniposcil of “ detcrminaiiu " of inheritance unil>, while 
the iiio.‘«t eleiricntarr itniti of fife he called “ hiophoecs,"' Both 
chroniOi)OiiiC5 and chroniutnei'es arc visible stmctutes of the cdL 
Uclerniitiaiiis anil biojihores are ultra'itiicroscopie in size but re¬ 
cent work on hcrcfllty and deidoiiment has shown that there is 
good evi<tence of the existence of such ijiiiisL ..Ml recetit work in 
genetics is based ufMKt the hy[itrtliesiij th.it there are units or factors 
fir iletentiincrs in germ cells which condition the ilevclopnient of 
adult characters, and thoiiph tlicrc may lie tnitiur differences be¬ 
tween dtesc ffercTHtfiicrj of nuitleni genetics and the iti'UrinitiaHts 
of Wcistnaiiti no one can fail to note the gcitciic connection and the 
family resciulilancc lietwcen tlte two. 

If is prcdEctlon on purely o ftri/in gmunds that one ot the 
matiinition lUvisions in the funnatiim nf t!ie egg and sperm should 
be .1 '* reduttioii rlivision" whereby the chrciitiasomes of the »x 
celts should Iw reduced to half ibe number present hi l!ie Mmiatic 
cells, whereas all ulhcrccll divisions sfintiM be *‘«jiiation divtsioos'* 
in wkteh the chroniosoiiies should divide ujualty, was almost a* 
brilliant an extunpk of scientiHc prophecy as waa the prcdicliop of 
the existence of tlic planet Nejvtuiie 

Simibriy WcismaimV assuiuption ihat the dctertnuianU are ai^ 
ranged in a linear series in the i-hntumsonwft fimls lirfmg sujijicHl in 
the newest and iiu)4l sinking discuveries in ihis field, in which 
Morgan is able lo locilc at different iioints along the lengtli of h 
ehnimusoiiie the determiners of many dcvelofwd chatacter?. 

I'inally then- is at presetil univerRul agreement to the dvdaro- 
thin of WcisiiwJtii that no [mrdy epigenetic iheuty of hewliiy 
h possible, though fgr many years even this wat hotly enntcslcd. 
\Micn one recalls the storm of oti}iosttKin which was called forth 
by Ins iKKilc on " The (.Fcrrii-J'biHini “ the prewnt acceptance, at least 
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in firinrTi»k, of hifr mfijor |impositioii^ oiiniH be viewed tn any other 
lijjht than as a triintr|^li for his theory and ^ trihnie tis the insight* 
fote^ighi and constmiiivc ahility of Weisniann. 

M a result of his theory of heredity Wcismanii wa> leil to hi- 
venstigate lUe generally aeecpted doctrine of the inheritance oi ac* 
iirurttl chanictefs. Ite carried on estienrivc esi>eriniciai^ in order 
to lean! ^vhether mutilations of parents tlirough many genemtinn^ 
were ever inhertved by offspring; hr investigated many supposed 
cases of the inherit mice of such character^, *wid a* s result of this 
work lie \va-s leci to deny altogether the possibility of rhe inheri¬ 
tance of ua|uiretj characters* and fie eliallcngcil the world to fur- 
nisb any saiisfaciory profJt of such inhcriiunce. This work of 
^Veisjiiaitn's csdletl forlli a tremendous itniOiitU of discussion aiui n 
rebrively small atiioitin of tlirect obscniiuton and e^ipersment, and 
for several years k ap^HJared as if na piT:^re55 wliaievcr wai^ liciiig 
maik towartl the wiltiLion of this great rpesiion* so fuU of itiv 
portance^. tiot merely for tlie liiologist hut olso for the practical 
breeder and indeetl for the hiirrum nee. But gradually thiTc hasi 
gruwu tip a clearnT understandmg of the piohlcm and of what is 
mtaTiT by “ ttiheritef] ' imd ** acnuiretl ” cliaraLiers and gradually 
ibis dciid-iock of opinions is hrcrttihig iip^ Sow we rccfjgtii^ that 
inherite?! cliaTtictcrs are those whose distinctive in diff<nremial causes 
are in llte gcmi Cellii* while aopiiretl diiirac^ers arc ihose whose 
differentUI causes arc environmental ^^o oue loiky Ixfliuvcs that 
the devrloprcd or ^oin.itic characters of an nrgauism are iTUtisnittlcd 
to the tic jit geaention. Tmlay ilie prohiem of the inheriiaucc of 
acf|iiircd rhainctcra is merely this: t^ji changes in t!ie environment 
change the coiL^kution of the pcmi-plaJJm ^t> proilucc cliangcft 
in siihsesiitcni gencnitionri? Xo one now asks wbelher changes 
in flcvcTopcd chaTnCtcr$ may he tratismiUetl to drisceiidaiits^ as was 
generally done 1 m; fore Wdsmann^s work, for il is generally rec^^- 
nbwl tllat somatic characters wheOmr inherited or acquired are 
nnt iransmittcd ftnm gencralion to generaticuip the only thing which 
is Irxiiismitled being the gcrm-pbsnn Weisnunm nflmittnl in lii« 
Inter writings Utiii the yemt-plasm iniglit he modified ro a limitwl 
cxicm hy certain ctivirmimcnial conilirioiis. but he held that such 
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of ihe gemv-pl.'tfitn Icil lo ^^cnil anJ iinprediclablc cliangc^ 
In fiilUT-c ifciicralmiis whicb ntiglil be whuUy dillRml from ibu^ 
MKiuilc changes in ihe finrenl^ u'liieb were <JirectIy itroiluced by »uch 
ciivirottmcni. 'nils view is now widely accejilcd. 

Tims while Wdj.miiitii'4 view^ on thi\ nubjcet iiiulerwent cer¬ 
tain changes in the cnur.w of his tonif life, ihe opinions of his 
opix>nciU4 have undetigoiie so much grraicr atnl morv im]Mirt.-int 
changes that it may bt truly aid Uiat in the matler of the inheri¬ 
tance or noir-inhcritancc of acijuiml charadcr# die I'rcalct portion 
of the sdaittfic worhl has come to Weismatin's (lositioti. 

I'inally fnctition nrust he imde of Weiemann’s theory of cetilu- 
tion which was a direct outgrowth of his theory of heredity. He 
maintained that eeolutton iimsi ilepcnil upon an cvqluttoti of tin: 
gcrm-plnsm and tliaf ibis ti-as brought ahnnt chiefly, if imt cniircJy, 
by the mixture of dilferent kinds of germ-iikisni!; i omphinuxis) in 
the uuion of Llic sex cdls. lliere is or# ibiilR that many variations 
arc pnxlucnl by aiiijihitnixis tint in general these combiiuitiQns of 
germ-plasnu are not actual fusions: new combinatiom of inheri- 
traiice units are produced but nut new units, and usually these new 
combi nations split up in subseitudit generations according to Men- 
dcliaij rules, so lliul such tcnuxirary combinations of ililFcrcut genn- 
plasms do not usually lend to ficrmaiienl modi fiat ion, Or to cvolu- 
lioti. of the genu plasm. Cln the other hand it is protuhtc 
tliat \\'ci5tnanii undercstiimtcd the |X)ssthte influence of environ- 
niein in prwtutitig changes in the genn^phsm and hence its in¬ 
fluence on tivolutimi; at least it does not seem possitdo at [irvseni 
10 explain the origin of many inlieritcd mutations excqjt by iho 
influence of changcil enviromuent upon the tleveloping germ celU. 

In bis hditi in Natttnll Selcctiim Wrismann out-Ikirwiiicd 
Darwin or any of the Darwinians. Darwin dcidl only with the 
survival of TmJiviihials or mecs in tlie idruggle ftir exist mice ami 
was always indined to assign a gooil den] of weight to the iiifliiimce 
of envirmimcnl in tirmhicing new races. WciHiiunn woul.l nol 
atlmil the existence of any niher factor of evolution than sdnlioii 
and he extendcil ibis principle fumi indiviihmls or persons f" (wr- 
laiiKil selection"i tu organs and ttssuea r'liiBronal selection") and 
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even tu gcTfitinal ujiUp such as dcitmiinanu and bSoi^borcs C'g<ir- 
minal sdcc^itm"). By means fit assumed struggle for niitri- 
meiit l>etweefi iltflercnt detenminoJits he believed iliaT the weaker 
ones would lend tn grow irtill weaker and to while Uie 

stronger onc^ would increase in strength until they re^ichcd such 
mijiortancc Ihnt they were cbet^kccl, nr increased, by personal selec¬ 
tion., And by a sitnilur niggle between diileraii biopboreis he 
showed that the gnofily of a dctcTiniiumt would be diangedi By 
titeana of this highly ingcuTOiw hut jmrdy formal and hy^poUietical 
syfrlcm he was able to explain the tlegeneraliou ami disappearance 
of useless i>arts of an organism atid ilie coucordaut morlificalion 
of ittany tUffetcni pans in tite course ni evolution. 

Of all his theories ihosc which grew^ oin of his belief in the 
Omniiiotence of Selection'’ have found least conliniEitioii in sub¬ 
sequent work4 The Mutation Theory^ of deV'tit^s has come in to 
modify tii certain important i^pecLs ibe theory of Darwin, atid the 
work of Jotiamisen. Jenning:*,. Pearl and others has shown llial even 
{xT^jnat selection ” Itas lit tie or no inftucitcc ki cr^^niiny new 
And yet we have not seen the end of ihe selection doctrine, riie 
etiminalioji of ihc unfit is still the only natural means nf accoiuit- 
ing for fitness in organism’^ 3ind we may well jKimlcr the^ word-s of 
W'eisinann in the preface of his laxt book i 

^ Ahlifiugli 1 may huvt erred ia many single <jue*nnTis which the fiittirt: 
wit! have to detemnne, to iht fanndittnit my irleis- 1 iiB^e certainly sujt 
erfrd The «deeli^ tumctnle eositn>K ill all cule^ories of lift nrilti. 
ti dfKi (ftut create ihe pfimary vjm'jilctni litit h d^« determine the pat hi 
of drvrlojpnictit which the&c follow from irt^itming lo end^ and ihcrcwhh aU 
dlffcreunationi, all ailvutcei of org^nieaiHoa ami ftnally ibr general eoutic 
of develop menf orjiBtifsins on otit caiili. for every iIjuib hi the living worlil 
ET*ti on adaplailwti" 

Oesr thinking b neci^sury in the advance of sctcncc as well as 
fine tcchitiquc and Wciatnaim has rlcntonstrated to a more or less 
BCOtufiil world thf. tziqHirtante of brains as ff^ll as of hatuls mid 
eyes in the diH'overy of triuh, II does not fall to the lot of any 
mnn to make no mistake's* ami in ilu> respect was mdy 

huNvm. Bill it has fallcti to the lot of tneu to do so much 
work of lasting value and to have so profotiml sin influence un hh 
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day and gbncniiioa ^ waa tiruc of August Wtisiuaaii* Tht s|Mrit 
of his life and nvoric may be suiniTied up in the beautiful words 
with which he cUvses his casay iu!i V Uie and IJeatb**; After alt it 
b the quest after perfected tmili. its possession, that falls to pur 
lot, that gladdens us, filb up itie iiieasurc of our life, niyl 
ludlows iL** 

EoWrN G. CONKLIK. 

PiuKiiiwt ytmvatmv, 

JumaiVi 
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Stated iltctin/j January 

WtiLiAii \\\ Keen, M-Dp. ULD,, PresMttnt, in tlic Chair. 

The disease announceU of Charles Marlin Hall, 

LL,D.^ oi Niagara Falls, ai Daytons, Florida* on DeconlMfr ^7* 
19 x 4 ;: m. 51 . 

Pwi* Edwin G. Conklin read an ohittian' notice of Pmf- August 
Wei$nuitin. 

Prof* William B. Scott read a paper on “Tlie Uthmu^ of Panama 
m it* RcLition to the jVmraals of North and South America/* 

The Judges of the Annual Eleciimy oi Officers and Coimcillor^ 
held on this day betwiren the Imur? of two and five in die afiemcwn, 
reported t h i^ t the following named members wets elected to be the 
Ofliicers for the eiuiTring ycoTf according to the JJiws, Regobtions 
and Ordinances 6f the Society# 

PfYJiVrrtt, 

William W- Keen, 

Vicr~Frcsidenis* 

William B- Scotty 

Albert Au. Michclsoii. 

Edwartl C* Pickering. 

Secretariats, 

I, Minis llays, 

ArtUiir W# Goodspeed. 

Amos P. Bromi. 

Harry F* Kdler* 
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Cutators. 

Charles Dwlittte, 

William Wilsim, 

Leslie W. Miller* 

Trfasur^r^ 

Htnty La Barre Jayne, 

CounciUffrs. 

(To w\'t ^of tb»t rran ) 

Henry B. Donaldson, 

Theodore W* Richardsp 
Robert A. Harper, 

Fpdwin G, Conklin* 

S/ftetixt Medhiif Jwiiary 14 ^ /p;j, 

William W. Keek^ MJ)., LLD.i President, in the Chair. 

Dr* J. C. Bo^c, of Calaitta^ read 0 paiier oai ^Thc Control of 
Nervoiu Impulse in Plant and AnimaJ.” 

Stated Mffting Ffhnfory 5 , 

William W. Keek, M.D.* LI^D., President, in the anur, 

An invitation tvas from the University of North Can:^ 

Hiift to lie rqiresentcfl at the Inauguraiton of Edward Kidder 
Graham, ^ Pr^ident, al Chafid Hill, on the twenty-first of April- 
A letter VmI* rredved frtim Prof. Allen C. nionius presenting 
his resignation of nieinhership. 

The dcoease w.'as aimoimceil of iJw following tnemben^t 
Henjamiii Sharp* at Miwrehead, N, C*+ on Jmmary ^3. 
T^tsiffiL 57- 

CyrOH Fogg Bradcclt* AJi,. Priucetoti on Januttl^ 

Tlie fottuwin^ lapcrs were reail; 

'* Tlie SurKcr)' of iht (Ivil War as C<mtnw(cd with the Siirg«n< 
of tlu: Preicnl EuruiJJnm War," by W, W, Keen, MD. 
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"*Thc Aniwittuviiaio Pauisrchs on a Tablet from Kipjiiir/^ by 
G«irge A. Barton, Pli,0., whxdi was discussed by Professor 
Iwcxitncd and Stevenson. 


S^aUd Meeting March 

\Viu4AM W, Keen» LL.D.t Presidents in the OialrH 

Dr. David Jayne Hilt elected to membership in i^io, suliscribed 
the Laws and was admitted into Ibe Society. 

Letters were received i 

From the President apiioititing Ptof, \\\ LeLonic Stevens to 
represent tlic Society at the inauguration of Edward Kidder 
Gfabaizi^ as President of the LJmversdty of North Carorma. 

From Prof. W. LeCome Stcvtm&> acce(iting the apjioiittttient. 

The decease of the follnv^-tnu inenibors was announced: 

-'Vitliur vonAnwers, at BerUn on Jimuar}' 24 ^ igi 5 . 

James Gcikie+ DX^L.., at Edinburgh, on Ifaixh 2, 1915' 

75 ^ 

TIr; following papers were read: 

“Ttie Swedes. Governor Prtnli, anil ll« Scgitining of Pcmisyl- 
vania," by ThoirraS WtlJinp Balcb. 

"A Mifsing Ouipicr In lutcttiatmnal History,” by Bon. na\Hd 
Jayne HiU. which was diKUswd by Mn Carson. IVof. 
Lcanie{i, and Mr. Rosengarten. 


5litfrd Mreting April % 


WitiiAM \\\ Keeh, M.D., LL,D., President, in the Chair. 


.'\ji invitation was receivcil from the Trustees attd h acuity of 
Allegiteny College, to be represented at the celebration of the One 
Hundredth ,\miiver«iry of the foundtn|: of the College, to he held 
at Mcadviltc. I'a.. in die weefe lieglnning the twentieth of June. t^tS- 
The decease of the follnwhii' members was; annnunised: 

Charles Francis Adams. LL.D.. at WashinKtnn on Ifarch 40. 
IQI 5 : tft. So. 

Frcdcricfc Winslow Taylor. M.E., at l^iibiilelphia on March 


at, |(>i5;{El. 39. 
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Dnvitt K. TttUEc, at Phtbrlcljiltia April 7, 1913; dm. 

79 ^ 

Prol. Charles C. Bass rcaU a paper tm " Sonic Important Factor* 
which Influence Asexual Rrpnxliiction of liLilaHa Ptoamoltia in 
Man," which was discusscil Jiy Dr. Tyson, 1 Jr. Heniy Skinner, Dr, 
^icFarLmcl. and Dr. Kccn- 

A'fofrd Gntfr(tl Afeftmg Afrit and fp/5. 

Thursday. Afrit 2 ^, rp/^. 

Ai-jresT A, Miciieleon, Ph.D., Sc.D., Ll„D., F.R.S., 
Vice-Presiilcnt, in the Chair. 

Prof. Eliaktni H, Moore, elected lo nienibciship in 1905, and 
Prof. Robert Antlrews Mtllikan, elected to mnuberahip itl 1914, 
having subscribed the Law*, were adilntteit into the Society. 

The follDU'ing papers were read: 

"XJevices for Faciiitatitig the .Analysis of Observations—More 
Particularly those of the Tides," by Ernest W. Brown, ScT)., 
Professor of Mathematic*. Yale University. 

"On linear Integral Equaliotis in General Analysis.** by 
Eliakim H. Moorc, PliiJ., Sc.D., U D Head of Depart* 
ment of Matlicmattc*, Univemit)' of Chicago. 

“A Direct Solution of rre<lho 1 m’’s Eituatlon with .Anajytic 
KcmeJ,” by Preston A. Lamliert. Protefsor of AlaUtematies, 
Lehigh Uruversity, Betldehetn, Pa, 

" Ttic Existence trf a SHb*Elearmi by Rolwrt A, MilUlcan, 
Pb.D,, Professor of Physics, University «( Chicago, which 
was diseuGsed I>y Prof. Mkhelsoil. 

"Local Disluftianccs in n .Magnetic Field/' by Francis E. 
Nipher, A.M., LL.D,, Professor of Pltysies, AVasitingtOn 
University, St. 1x111]*, 

“Explorations over the Surface of Tclqihonic Diapbragim 
Vibrating umler Simple Impressed Sounds." by A. E. 
EcnnclH, S.D., A,Nt., Professor of Electrical Engineering, 
Harvard University and H. O. Taylor, of Cainliridge 
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“Tlie Hoi) tinit Corl»no EfTccii,” tiy Edwin Elimptan Adams, 
Professor of Physics, t*riiiceton UnlversUy. ( Introduced by 
Prof. Magie.) 

" Spcuiiancoiu (jcneration of Heat in Recently Hardened Steel,” 
by Charles FruncFs Brush, Ph.D„ Sc.D., of Clcs'rfand- 

"ItuliHg and Performance of a Ten Inch Diffractiort Grating,” 
by A, A* Micbclson, PhTh. Sc.D., IX.D„ Head of Dejiart* 
ment of physics, L'niversity of Chicago, 

Eridiiy, A^ril 

Morninff Sejjioii—O-55 o*ci&ck, 

\ViEjjA» W, Kee:?. M.D., LED,, President, in the Chair.. 

The following papers were read: 

" Hertditv m Protoroa," by M. IT- Jacobs, PIlD., Assistant 
professor of Zofilogy, University of PennsyltTinia. (TntrO' 
ducctl by Prof. McOiing.l 

“The Constitution of the Hcreditnry MatcrL'il," by T, H. 
Morgan, Ph.D., ProfesiKir of Experimental Zodiogy, Coittm- 
bia Lhiivcrsiiy, Sw/ York, (Introduced by Prof. P- G. 
Conklin,) Dbcttsst’d by Prof, Conklin, 

"The Problem of Adaplaiiott as lUustraicd by the Fur Seals of 
the Pribilof fslomls * (illostmtcd by lantern slides),by George 
H, Parker, SeJ)„ Profesjaif of Zoology, Harvard UnivcT^ty. 
Discussed by Professors Conklin and Caltcll. 

"An Interpretation of Sterility in Hybrids," by F/iward M, 
East, Pli.D., Professor of Experimental Plant Morphology, 
HarvarrL University, (Introdueed by Prof, Hradlcy Moore 
Davis,) 

"IftTlcrosis and the Effects of Inbrcerling.” by George H. 
Shull. rh.n„ Botanical Investigator, Station for Exiieri- 
mentat Evolution, Carnegie Instiiutioti. (Litmihiecd by 
Prof. Bradley M. DavU.) 

"Ihe Significance of Sterility in CEnothen," by Bradlci' M. 
Davis, Ph.D.. Ptofewor of Botany, Universtty of Penn- 

sylvTirtiii. 
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The preceding three paper? wert discussed hy Prof, Piirker. 

” Morphology and Devclopnicnt of Agariciu roflniani,” by 
(Jeorge F. Atbtason, Fh,D.» Head of Dcpartmrni of Botany, 
Cornell University. 

“The Large*fririted .American Oaks.'* tw William Trelca-^ie. 
ScD., l.l„I>,, Profeasor of Botany, Uiiivcfsily 0( Illinois. 
Url^aita. 

" Rebtionships of the W'hiie Oaks of T^asicm Noitli America." 
by II. V. Cobb, (Introduced by Prof. Trdeaite.) 

“’fhp Prisenl N'eed in Systcnuitic ikitaiiy," hy L. H. Bailey, 
LL.D., late Dintior of the College of Agricultcrc, Corneli 
University, 

Afternoon Session^j o’clock. 

WiLLtAU W. Ke£K, M-D,, LL.IJ., Pre^dcnt, in the Oiair, 

The fotlowbtg papers were read i 

"A Convenient Form of Receiver for Fractional Distillaltons 
under Diminished Pressure."' l>y Marston T- Bogert. LLvD„ 
Professor of Cliemistry, Columbia t.’mversily, Xeiv York, 

“Tlie Cyrocne CarbOKylic Achls” by J. R. Tirttlc and Marston 
T, Bogert, of CoUimhia University, tfew York. 

“Syringic Add and its Derivative*,’' by E. Plant and Marston 
T, Bogert, of Coltimbia University, New York, 

'ITic three preceding jKipers were discussed by Pro Is. Keller 
and Scott. 

"The Relation of Dunless Clands to nentuimt and Otsifica- 
tion," liy William j. Gii^, ITi.D,, Professor of Biolc^cal 
Chcmlslry. Columliia Univemity. fliUroduceil by Prof. 
Harry F. Keller.) 

"(lasttKHfnteslinal .Studies" hy JTiilip H, Hawk. Fli.D.. Pro¬ 
fessor of Physiological Qicmistrv and Toidoology. Jefferson 
Medical College, Pliiladclpliia, ([nlroiluced hy Dr. W, W. 
Keen.) Dl.icussefl by Prof. Scoit. 

“On (he R.'IIC of Rvaporation of Ethtr from Oib and JU Ap¬ 
plication in Oil-Ether Colonic ArijestUwia.’* by Charles 
Baskerville, Ph D., Professor of atcniistry, College «f the 
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City of York, (tniri^Iuct:!! by Prof. J. P, Reniingtort.) 
L^iseus^ed hy Profs- Scon and Remington. 

^*(>n Oral Ktidamcbiosts/' by AWen J. Smithy UJD., Sc,D,, 
Profcispr of Patholng}^ Ufiiverstiy of Pennsiylv^iiia, 
EKbcus^ by Prof* Bogart. 

" CcTtiim Factors Conditioning Nervous Responses,*^ hy ^tc-yvart 
Paloci, MIX, Lecturer io f5iok?g)', Prinectnn University. 
Discussed by Profs- Donaldson and Scott. 

‘‘The Rights and Ohligaiions as if> Netiiradiiscd Territory/' by 
Chariemagne Tower, Ll^D., a( Philadelphia, 

Physk^gfaphir Features as o Factor in the Euro|j<^n War/' 
by Dougbis W, Johnson* Ph.D,* Assodatc Professor cif Phys¬ 
iography* CoItiEiibia LTuversity, ^TTitmduo;il hy Mr_ Henry 
O. Bryant/) 

*‘The Pronouns nnd Verbs in Sumerian/' by J. Dyncicy Prioec- 
TIt.D.* Pmfesior of Semitic Latigtiages. Cohimlib University, 
New' York. (Read by title.) 

'* A Nctv Form of Ncphe^coiicter/* hy J- T. W. Ifar^haJh Hairk 
mati Research T^abomtory* Roo?<!vek Hospital, New York. 

Or, Stetyari Patun ;l rieivly-eleciri! member and the Hon, SiniMn 
E. Baldwin, ctecietl to tncttihershlp in t^tt^i stiWritwil (he f^vv^ 
and were ji<imiltecl into the Sueiety- 

FriJijy oV/erX* 

Witliam Morris D[ivis4 SeJJ., Phd)., Pmfp^sor Emeritus of 
Geology, Ffutvard Uuivefsity, gave aa IHusiraied Icetiire, On 
Eviiieiice for Darwit/s Tlicury uf Conil Reefs.'" A Htat^aiieiU 
of the eliiei ri’suks of u ShakT Memorial Voyage across- the Pacific 
111 1914, with Studies of the Fiji GrtJtijL New Caledon.1.1, ihc l-oynlty 
till! New Hcbdiks, tlie Great Biurter Reel of Attslrolia and 
the Society Islands. 

i'afiirrfay, Aprti '/* 

Esroifivr SrsstOf^O-JO A-Xt- 

WiLOAM W. Keft^, M:D., Ll-J>.p PTttwIetil, iti the tltair. 

Penihng noiiilnrftion^ for iiumbcr^ip w'tre road ami ipoken in. 

Dr. L. A. Hauer and Secretary Brown xvcrc ap|>ointcnl tellers of 
licet inn and the Society proceed In I to liallot Tor tiiemliers. 
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lilt Idlers rqw>rlcd lliat iht ftiUgvvfng notfimiMfiiL had htm elected 

lo jTieiidH!rship ^ 

itf thf Unttrd Slaies^ 

Johii J* Alidi M,D.* Baltiiodrc^ Md* 

Efiwin nhupton AdamSi 1^1.1)., Princeton^ X. 

W aller Sydney Aciani^ CaL 

Julrn Merle GiiiUcr, Ph.D^ DncagcN IIL 
Whfimnn Cro&Si Pb,p.^ W^ddngtcoi* !>. C 
Wtliiam J. Ciea* M.D„ Km York City^ 

Phllit^ Itovicr Haivk, I^LIadclj.ku 

Jotm Filltiii^rc Hayfor<h KyanKton, Ill. 

Kirary Richard John$oti, Sc.D.i Fltibdclptiia. 

|Dhn Anthony MillcTp I'hrl)., Swartiuijore, Pa. 

Thomas Hunt Morgan, PhJD., Kew York, 

William Fogg Osgood, PfuD-, Cambridge, Mass. 

Raymond Pearl, Ph.D., Orono, Me. 

Tlicotiatd Smith, M.D., Boston, Mass. 

John iiclenyp Ph.D., Minneapofis^ AUnn^ 

A/^rnitf£^ Serrimi—iii 4^ch^i^ 

William B. StWiTp Se.D.^ TL-D^p Vice-Presidntt, in the Chairs 
The following papers were read f 

"^Opiuni in the Bibkv' hy Paul ITaupt, FtvD,, ProfesiMir ttl 
Semitic Languages, Jolins Hopkins UniTcr^ity, Baltimore 

" Divisions «f the Ptebtoccnc nf Europe and the Periods of the 
l^tttrance of tinman Raeci;" by fienry Fairfield 0»bom, 
Sc.D.. LL.b,, Research Professor of ZoiMogyp Cotiimfila UnL 
versjly* ti, Y, 

"The Occumuce of Al|pc in CariNsnaceous Dqwiiis,-' by 
Uinrles A, Davis, ITi.D., of U S. Bureau of Mines. Cln- 
irmhiceil hy Prof. Marsloti T, Bogert,) Discussed by Profs. 
Scotl :ind B. M. Davis., 

"Additions to the Fauna of the Lower Pliocene Su&lce Creek 
Beds, Nebraska;* by W. j. Siudair, Ph.D,. Cmator of Verte¬ 
brate Paleontology, Princeton University, (hiirodiiccd by 
JVof, \Y B. ?kcirtO Djs^uRMd by ProL Scim. 


Xffti-I 
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**Ttrnury Vertebrate Fauncig of the North Co:Jiiiga Region of 
California/' fay John C, Merriam, IVofcsAor of 

Paleontology ami f{iKti;ifkal Geology^ UnlveTftity of C^li^ 
tomia- 

“The RcjIc cjf the Glacial Anticyclone in the Air Ctrentahon of 
lljr (JloW," fay VVilliiim B. Hofah^, Fh,D.. Proft^^r of 
tJeolog)', University of Michigan. 

“ Note on the Sun’s Tciiiperatnre/" fay 11 curt' Korris RusselL 
Hi D.. Professor of Mtrortomy* Princeton University. 

"^Radial V^dticities in the Orion Nebulaby Edwin U, Profit, 
D3c.i Director of Yerhes Observatory. WiUiams Buy^ Wis, 
Otscusse^l fay Prof. Rtiisell. 

" Some Results from the Observaiicuii nl hciip>ing V ariatiks/ 
fay Rayinouil S- Duj^an, Assistant TVofessor of Astronomy, 
Princeton University. ('Imrotiuce^l liy l*rof, XL K; RusselLl 

“ The Variable Stars T\\ T\V* and TX Lavsto[tti5e/ fay R. J? 
McDiarmUL Fello-kV, Princeton UiiivcTshy. | fauT04lu«:etl by 
Prof* XL N, RiisselL) 

"Tlie Eukr-l^bee Theorem on the Rounding Ujt of the Or¬ 
bits of Ihe Tieaveuly Bodies under the Secitkr Action of a 
Resisting .Metfliiini/" by T J, Sec, PIi-D-^ U* S. Naval 
r iliservaioi^V bland. Cab 

**nie Work in Atmo^plieric Electricity alioard die "Cartitrgie/'' 
fay L. A- fkiicr. Ph.D^ r>.Sc„ Director of the Dotvirtment 
of Terrestrial ^lagnctiRni ttf the Camegk Tiirtiluttnri of 
Washington* and W* V\ G. Swann, l>,Sc. 

^'Tanjrriii^ amt Osiris," by Genrge A. Bxirinti^ ni.D.. Prof, of 
Hihfacat i .itcratnrt and Siimitk Liingnjigcs. tiryii MawT Cofa 
lege, which w'as ilkcnsscd by Pr. JastrrniV^ 

m4/(efn0i>n Session — ^ 

Wfta.i.Kii W. Kf^s. yi.lX, I*LJL. PreBidcnt. in the Chair. 

Dr. John nitmore TfuyfctrcL a newly eiccteti member. ^iiWriheil 
the Laws and wus admitteLl into the Society# 

A [Ninrait of Dr. Edgar P. Smith, of PluTiddtihiia, pr^ 
semed to tlie Swkty by t>r. J. U- Ptnnimati on Mialf of the doitnr. 


m 


MINUTES. 




*n\c foltowing pujjcrs -w i?fe mul: 

'* iTiie Ds^1^:^5iof^Al Jiuil the RcfliJCtlon iltiltacult* frflsn 

Solid 

Bccent in th^ 'stiuly of ihc kKilinc Re<onjiti« Spec¬ 

tra* with a itewriptifin of a Long Bkh^ SiiectroicoiMj of Il^li 
Powerr” hy Ttobcrt WHliniff^ Wood, A.B.^ LL.D+i Pfofe^ 
jior oi Esperimcntal Fltvsic.^; Jotm& Hopkins University. 
Ui 9 cu 9 scil by Ur, Brush, Prof. Noy» and Ur, Webster, 
SymiKisium uu the Earth; tt^ Figure^ Uirnamiciii^ iUMl ilsc 
Constitiitioo of Its Inicnor 

** Froftr tlte AsUorranit:al Standjjfjirit;* hy Frank StMesiogcr, 
Ph.D*i Thrector of AHeghcny fJlutervatory, Pittsburgh, 
"'From tlie Geological StatidpmntJ' t>y T. C Chamlwrrlin. 
PluD.^ i*L.,D,j Head of Department of GeoUigy, University 
of Chicago. 

'* From the SebmobRscal Standpoiui,*' by Harry Fielding RehL 
['*h+D.. F^rofsssor of DynamSca] ijcokig}' and <iccgtapliy, 
Johns Hopkinri Coi%*ersity* Baltimore, 

"■ h'roin the u^ophysical Stand point i"* hy John i'~ Hay ford, Di' 
rector of CoUeire of Engmccrtng^ Xorthwestern Ujuversily, 
Evanston* llh (Introduced by Pmf. Schli^inger.) 

These papers w urc discussed hy Professors H* F* Reid, .^\fthur 
G, Webster, E- Brovvn* C. L. iJoolittIc, Frank Sddesmgcr and 
\\\ tL Hnhbs, 

Stated Mfiling ^^ay 

WruLi+vM W- Kj-:en, M.D., LE...D,^ Pre^ulcnt^ tn the Ousir„ 

LcUcra accepting membership were received from^ 

John A\td, NLD.^ Baltimcprt, Md- 

Edwin I'Umptdrn Adamfi, Ph.D., Prineettin, N+ J. 

John Merle Coulter, Ph+Di* Gikagn. IIL 
Wbiiman Cross, Hi.D., Washiiigti;fli, D, C 
William J, Cies, M.D.* >Jcw Vork Oiyv 
Phiiip Bovter Hawk, Ph.D.p niiJadelphui. 

Emory Richard Johnsori. Sc.D„ Philadelpliia. 

Jo! n Anthony NUlltr, I’h.D.* Swarthtnore, l^a, 




ifiKUTEa 


Xlli 

lliojtsai* Until Ator^n. Ph.D.^ New York. 

Rsi}itianil Pearlp Pli-D,, OitmOp Me- 
Theobald Smith^ M.Dx. Boston, 

An liiviiaticiti was receivisd froni the Johns lloptdos Uniwrsits^ 
to be repmented at ih< Inanguroiion ot Fmik JoKnsom Goodnoiv, 
as Presitlmt, on Maty 1915. 

Tlic following jHjwni w ere read l 

Oil Cofljcentratioii of Ooe^r" by Howard W, DoBois- M.E. 

(iDtrodnced by Dr, Hariy^ Fp KHlerJ DisniAsed by Mr. 
Lehman. 

” Concretion* ill Stfeams Formed by the Agency ol the Blue- 
Green Alga: and Rcbied Plant^/^ by B. Jus^th Roddy, M.S. 
(Introduced the S«^ce^■ caries,) Discussed by Dr. iiarsh- 
bergefi Mr. Sanders, and PcoL Keller. 

'‘llie Conditions of Black Shale Dq^cjsition as illustrated 
by the Knpicrschicfer and Lias of Germany/' by Ota ties 
Schuchert. 

Stated Meeting Octobi^r f* /pry, 

Wiu-IAM \v. Keex. LLD., Presidoit, in the Chair. 

Profeswrs Philip B. Hawk, Emory R. Johnson, and John 
Anthony Miller, ncwly-elertcft members, sul»scribed the Laws and 
were atfmktcd into the Society, 

Letters accepiine elcctioo to memberfibip were rcceUcd front 
Prof. Watter S, Adams. 

ProL John F- Ffcjyford. 

Prof, William F. O^ooiL 
Prof. John Zdm\\ 

Invitations were received : 

From die Secretary of State tn participate ui the Second Pan- 
American Scientific Congress to be Held nuder she auspices 
of the Government of the United States, nt (he city ot 
jugion from December 27 ^ 19*5+ Jaonarv Ri *9*^ 

From the Trustees and Faculty of Vassar Cnllcgt^ to In? repre¬ 
sented al the cekbratlurt of the Fifsirth Anniver^ry of the 
oj^entng of \^a$5ar Collegfc during the week beginning CV- 
lubeT lov 1915. 


MINUTES. 


in«.* 




The decease of the folluwui^ nicmbcrs aimotiuccU: 

Mr, Samuel Dickson, al Philaddphis, ou May si, 1915, sel, 7S. 

Ho(i. Jante T. Mitchdi, at Phibdeiphta, on JtUy 4, 1915, ai. Si. 

Mr. Frederick Prime, at Allan tie Gly, im July 19x5. at, C9. 

Sir James A, H, Murray, at Osford. Fnglam], on July a6, 

1915- /*■ 

Prof, Frederick W. Piimam, ai Canibrit^c. Mass,, on Atxgust 

14. 1915. sei. 7 ^ 

Mr. John T. Morris, at ISretton Wijods, S. H,, on .August (5, 
1915, aet. 67. 

Dr. Austin Flint, at New Vorir, on September 33, 1915, ael, 79. 

The lollo^viiig pajiers were rearl; 

"Timlicr Studies in the Mississippi llotiom Lands/' by Henry 
C. Cowles, PhhD„ of Chicago, which was discussed liy Pro* 
fessors Harshberger and Kracmer. 

'' Practical Rational Alphabet," by Benjamin Smith Lvman, 
A.B, 

Statud A''i?tvmfier j, 1715. 

Mp'illiasi W. Keen, M,D., LL„D., President, In the Chair, 

Prof, Ulric Dahlgrcn read a paper on " the Protluciicm of Heat 

by Aniit iftk '" 

Stuti^d D^ftmbrr f^t^. 

W. Kekk, M.D„ Ll„l)., President, in the OiaTr, 

j\n invitation was receivexi from the American Association for 
the .Advancement of Science to send one or more delegates to its 
meeting to be held at CoItimbniL, Ohio, December 37. 1915. to Jan¬ 
uary I, 1916. 

Mr. H, H, Harjcji, in aceonlanec with ibe expressed dircetimt of 
his father, the late John H. Harjcs, of lAiris, transmitted to the 
Society Dr. Franklin's bamboo cane with a hom handle, in the 
upper hollow chamber of w'hich he was accustomed to ejury oil 
and from it in hii walks he dropped oil upon (he water to watch 
its effect upon wind-beaten jioots. 

The decease ivas announced of William Brwke Rawle. A.B,, 
at Philadelphia, on November 30, T915, ict. 72, 




MINUTES 




The follo«rbf {»pens were read: 

“ Some of the Neitr^retiua] hiteqiMatibns of Increased Vas¬ 
cular and Increased Imracranial Pressure, beiiip a Clinreal 
Communicalioit.’' by Dr. George E. dcScfawdnilaL 
** ThejGeolog)' of Parahyba and Rio Grande do Norte, Braeil/' 
by ^ph R. Soper, communicated by Prof. John C, Branner, 
“The Geology of Ceara and Ptauhy. Brazil “ by H. L. Small, 
communicated by Prof. Jidui C. Btanner. 

Dr. \V. W. Keen presented the Annual Addr^s of the PresidCTt. 
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